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Appendix 9.1
Defining the Ecosystem Component of a Water
Poverty Index
Mike Acremani and Jackie King:
1. Introduction
It has become increasingly recognised since the Bruntland Repon. Our Common
Future, (WCED, 1987) that the lives of people and the environment are profoundly
inter-linked and that ecological processes keep the planet fit for life providing our
food, air to breathe, medicines and much of what we call "quality of life- (Acreman.
2001). It is clear that any loss of ecosystem benefits represents an important potential
contribution to poverty. The Dublin Conference in 1991 - a preparatory meeting for
United National Conference on Environment and Development (Rio Earth Summit of
1992), concluded that "since water sustains all life, effective management of w ater
resources demands a holistic approach. linking social and economic doelopment with
protection of natural ecosystems" (ICWE. 1992). For example, upstream ecosystems
need to be conserved if their vital role in regulating the hydrological cycle is to he
maintained. Well-managed headwater grasslands and forests reduce runoff during
wet periods, increase infiltration to the soil and aquifers and reduce soil erosion.
Downstream ecosystems provide valuable resources, such as fish nursery areas.
floodplain forests or pasture lands, but these must be provided with freshwater and
seen as le2itimate ater users. In addition, w ater is an essential feature in many
religions. For example. many I lindus believe the River Gan2es is sacred: a dip in it
will purify the soul and scattering the ashes of a cremated body on the water will aid
rebirth in a higher existence.
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Figure 1 Direct and in-direct water use by people
At the Rio Conference itself, it was agreed that "in developing and using Water
lesollrles, priohty has to he given to the satisfaction of basic needs and the
1 CEH Wallingford, Crowmarsh Gifford, Wallingford, Oxfordshire OX10 8BB, UK
2 Freshwater Research Unit, Zoology Department, University of Cape Town, Rondebosch 7701 South
Africa.
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safeguarding of ecossvems- (Agenda 21 chapter 18. I 8.81 Thus. whilst people need
access to water directly to drink, irrigate crops or supply industry, providing water to
the environment means also using water indirectly for people (Figure 1). Indeed, the
aquatic ecosystem is the resource from which the commodity of water is derived.
rather than a competing user of water. This concept is so basic that it has permeated
all aspects of water resource management. such as the new Water Act of South Africa.
whose principle 9 states that: "the quantity, quality and reliability of water required to
maintain thc ecological functions on which humans depend shall he reserved so that
the human use of water does not individually or cumulatively compromise the long
term sustainability of aquatic and associated ecosystems".
The implications of this concept are that people will be poorer if the ecosystem upon
which they depend has been degraded by lack of water of appropriate quality. In this
case, poverty is measured in terms of loss of benefits to people of the ecosystem.
These benefits may be in terms of (I) products (i.e. natural resources). such as fish or
aquatic plants, (2) functions (i.e. services) such as flood reduction, or (3) other
attributes, such as spiritual or cultural ones. One may go as far as to say that the mere
existence of a functioning ecosystem and its hiodiversity pnwides intangible benefits
to people, such as aesthetic beauty or potential benefits to current and future
generations, such as undiscovered medicines, that should be recognised as valuable
attributes. In this chapter we group the range of benefits of ecosystems to people
under a general heading of "goods and services".
The natural ecosystem is often seen as making the most efficient use of scarce natural
resources. Any changes will cause the system to he less efficient, leading to
unpredictahle and possibly several responses. In terms of sustainability. natural
ecosystems retain the most options for future generations. The natural variability in
the flow regime, including floods and droughts will impose considerable stress on the
system, but this stress is key to sustaining the system in the long term. This analysis
would suggest that any alteration of an ecosystem from its natural state might give
rise to some level of poveny. However, we also recognise that, at least locally,
management of ecosystems may produce improved benefits of certain goods and
services. For example, management of the flow regime of a river by eliminating
droughts may lead to increased abundance of fish, or engineering of a floodplain may
improve flood water retention. Acreman (2001) has depicted this situation as a trade-
off between benefits from the natural system and benefits from a managed system
(Figure 2).
As natural systems are modified more and more, the benefits of the natural system and
thus the options for future generations dLline-6tilid*IiiiFih-FiFitrt 2rEgThydrological
functions, products and biodiversity are lost. At the same time, benefits from the
highly managed system increase (dotted line): eg. food production rises. It is suggested
'that the benefits from the highly managed systems reach a plateau, whilst the benefits of
the natural system will decline to zero at some point. The local gains from the
managed system may not be sustainable and may be acquired at the expense of other
parts of the system. For example. ecosystem management may require the use of non-
renewable resources, such as fossil fuels for production of infrastructure or running of
pumps. This implies that the shape of the curve for the managed system is scale
dependent. Whilst it may reach a plateau at the local level, at a global level (taking
into account all resources used) it may decrease. The total long term benefits (dashed
-1-)C1:1I Wallin0'ord 2002
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line) can be calculated by adding the benefits of the natural and highly managed
systems. The total rises to a maximum before declining. It is at this point that the
balance between naturalness and level of management is optimised. There is no
temporal dimension to this graph, but as non-renewable resources are depleted the
shapes of the curves may change. They may also change due to increased resource use
efficiently with technological innovation. The value that society places on goods and
services and ethical considerations will determine the exact form of these curves.
Nevertheless, it shows that society will choose a target ecosystem that is not natural
and it is this social choice that will prevail (Maltby et al, 1999).
ig term benetrts
total
...... ......
benell Irom managed system
drain trom natural tern
natural highly managed
Figure 2 Minimising benefits from ecosystems (after Acreman. 2001)
In this chapter, we focus on the natural goods and services of ecosystems and not on
any benefits from managed systems, such as irrigation or aquaculture.
2. The ecosystem component of a Water Poverty Index
A comprehensive water poverty index should include the contribution to poverty that
people experience as a result of the amount of water reaching an ecosystem and
providing natural goods and services. This is relatively straightforward in terms of
the products or goods produced by ecosystem. For example, people may use plants or
catch fish directly from a river, lake or wetland, or their cattle may graze on
floodplain grasses. They will be poorer if the fishery, pasture or aquatic plants are
degraded due to changes in the quantity or quality of water that supports them.
Assessment of wetland hydrological functions is more difficult. \Vhilst intuitively.
healthy forests and wetlands. for example. are assumed to regulate the hydrological
(1: I \Val I ingfuld 2002
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cycle, reduce floods and augment low flows, and anecdotal evidence is widely quoted.
there is inadequate scientific verification of which ecosystems perform which services
under which circumstances (eg. Kaimowitz, 2001). Tropical forests and wetlands are
also known to be important stores of carbon and their destruction can lead to
increased atmospheric carbon levels and potential climate change. but the link
between ecosystem degradation and poverty is not easy to quantify.
A water poverty index should also cover the level of cultural or spiritual importance
and existence value of ecosystem, hut again there is little quantitative information on
which to base this component of the index.
In this chapter we therefore make the assumption that the higher the productivity of
the ecosystem, the greater will be the goods and services provided to people. Threc
factors can bc identified that need to be quantified for the index: productivity of the
ecosystem in its natural state: the degree of degradation from natural: and the
population dependent upon thc system.
Productivity of natural systems Natural ecosystems vary enormously around thc
world. Tropical rain forests and wetlands provide more goods and services than
deserts and can thus support the needs of more people. The productivity of the system
depends on many factors and their interactions, with water being only one component.
Wilson (1992) concludes that the main driving variables for diversity of species,
which is related the range of goods and services an ecosystem provides, are energy.
stability and area. The ESA theory. The more solar energy. the greater the diversity:
the more stable the climate, the greater the diversity: finally thc larger the area thc
greater the diversity. Nutrient levels are another important controlling variable, but
tend to vary locally and in a complex way depending on factors, such as geology.
Given an equal amount of nutrients, the hottest and most humid places are also the
most productive in terms of quantity of animal and plant tissue grown each year.
Where there is great season to season variability, productivity may be high if the
climate is consistent from year to year. For example the Inner Niger delta in Mali
supports a very prolific fishery, even though the climate is very seasonal with a
summer flood and winter drought.
CFI I Wallingkird 2002
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Ernberger (1955) used the principle that wetness and warmth are the main variables
driving ecosystem productivity in his bio-geographical classification scheme
Q = 200R/(M2-m2)
Where R = average annual rainfall (mm)
M = mean temperature for the hottest month (Kelvin)
m = mean temperature for the coldest month (Kelvin)
Degree of degradation The degradation of any ecosystem will mean loss of goods
and services. Thus the degree of naturalness must also be included as a factor in any
index. This factor would have its maximum value when the ecosystem is natural and
its minimum value when the ecosystem has been completely degraded. For rivers and
wetlands, ecosystem naturalness can be indexed by the hydrological regime.
Maintenance of a natural river, lake or wetland ecosystem requires a natural
hydrological regime and any alternation from a natural regime will result in changes
in the ecosystem. In this case, an index can be based on the departure of the
hydrological regime from natural. However, the form of the.relationship between the
hydrology and ecology is rarely understood. A small change in the hydrological
regime may result in a major change in the ecosystem, or vice versa. In addition,
there may be some threshold regime which marks a sharp boundary between a healthy
and degraded system. Nevertheless, the advantages of this kind of approach are that
hydrological data are more widely available than ecological data, and considerable
research has been undertaken on water needs for maintaining aquatic ecosystems. For
terrestrial ecosystems, such as forests or grasslands, data on loss of key species. such
as IUCN Red Lists of Threatened or Endangered Species. or maps of deforestation
may be used to quantify degradation.
Dependent populations Natural ecosystems have finite goods and services and will
in many cases fail to supply sufficient, say fish, to support a large population, even
when resource use is closely regulated by traditional or modem laws. In this case, the
dependent community should he considered poor with respect to the natural
ecosystem. The index must therefore include some measure of thc carryine capacity
of the ecosystem. This element of the index could be further refined by inclusion of
other factors. First, not all people will use all ecosystem goods and services, or be
dependant on them. Everyone will use the oxygen-maintenance function, hut not
every one catches fish. The poor may have little choice than to use natural resources.
whereas alternative for most goods can be purchased at a price. Using the total
population in an arca indexes the option for everyone to use resources, which is
related to the sustainability concept. Restricting the population figures to those
dependent on the ecosystem is an alternative, but data are rarely available. Second.
the ability of people to access the ecosystem's 2oods and services should also be
included. People living further from a river or wetland may be considered to be
poorer than those living close to it if use of the goods and services means long travel
time. However, construction of a suitable index would mean a complex integral of
where individuals live and their distance to the ecosystem.
There are three scales at which an index can be developed. First, the global scale
which includes the ecosystem services, such as oxygen maintenance that are utilised
by the world entire population. Second, the macro scale, where indices arc based on
widely availahle statistics or mapped data includin2 rainfall, temperature and
..!")CD I Wallin:  Inid 2002
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population. This allows rapid calculation of the index at any place and thus
comparison between different areas or catchments. Third, the micro scale that
involves assessing directly the benefits to people of various goods and services of an
ecosystem. This could be based on a full environmental assessment. However,
assessing objectively the goods and services provided by an ecosystem is a major
task. Alternatively, the micro-scale index can be based on questioning local people
about ecosystem benefits. It must be accepted that the respondents may have
imperfect knowledge of the state of thcir environment, so general questions
concerning ecosystem services may not be appropriate. In many cases, it may be
more pragmatic to focus on direct use of natural resources from an ecosystem, which
can be assessed by questions about use of the river, lake or wetland resources. For
example, fishermen may have data on fish catches. The problem is that the cause of
any decline will not necessarily be known and in such cases it will be impossible to
separate ecosystem degradation due to changes in water availability or quality (thus
contributing to water poverty) from that caused by, say, over-exploitation (cg. over-
fishing). Likewise information about aesthetic, cultural or spiritual attributes can be
determined by questionnaire. Rut, as with fisheries, the loss of these attributes may
not be a result of water issues.
In summary, two elements seem to be key to an ecosystem index.
(I) The capacity of the ecosystem to provide goods and services
(2) The number of people who would wish to use the goods and services.
The capacity of the ecosystem might be indexed by two elements (i) the capacity of
the ecosystem in its natural state and (ii) its degradation from natural.
This ecosystem index will indicate if people are environment rich or poor. To
develop a water-ecosystem index, the contribution of water to defining the ecosystem
index needs to be emphasised.
It is important to note that this index is focusing on the availability of the resource to
people. It does not index the value of the resource. For many services, such as flood
reduction, one person's use does not affect anyone else's use. However, for products
such as fish, they may be in competition. It this case,the more people competing for a
given resource the higher the price. Where the number of people wishing to use
ecosystem goods and services is high compared to the availability of the resource.
there will be poverty.
	
3. Methods of calculating an index
In this paper, we focus on two levels at which a water ecosystem component of the
WPI can be calculated: the macro level (regional or catchment) and micro level
(local).
	
3.1 Macro level
3.1.1 Terrestrial ecosystems
We first consider large scale terrestrial ecosystems, such as grasslands and forests that
are fed by rainfall and not si2nificantly by river flows or groundwater. The natural
productivity of these ecosystems and thus their capacity to provide goods and services
CEI J Willin
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is controlled by many variables, but two key drivers that can be obtained from maps
are:
(I) Rainfall; and
Temperature
The actual capacity of the ecosystem will depend on its naturalness and hence a third
variable is:
Degree of degradation
The level of ecosystem poverty will then be determined by a fourth component:
Population density (number of people wishing to use the goods and services
and their access to them).
Rainfall. Rainfall 2i ves a general indication of the availability of natural foods
and other products. Dryland farming stops at less than about 400 mm per year.
Below that figure, landscapes arc quite dry.
Temperature. Natural systems, even with significant precipitation, will not be
productive if the temperature is too low or day-length too short for plants to
grow. Latitude is a potentially a good index as it covers, broadly, temperature
and daylight hours. However, altitude can significantly influence temperature,
such as in Lesotho. Winter minimum temperature has been selected as this
indicates if plants are restricted by frosts. Temperature and day length are
highly correlated.
Degree of degradation. Natural ecosystems will provide more goods and
services than degraded ecosystems. Degradation from natural, such as through
deforestation, urbanisation or development of intensive agriculture. can be
assessed from land use maps or statistics on loss of species.
Population density. Although natural systems in high rainfall, warm areas will
provide goods and services, high population densities may mean that they
insufficient in terms of per capita provision (e.g.Mekong).
For calculation of the index, each category is divided each five classes. The range in
each class and the score is very provisional and needs to be refined following detailed
case studies.
Class


5 4 3 2 1
Degree of Type Pristine Near- light land intensive Urban
degradation


ristine use land use


Score 5 4 3 / I
Rainfall -
average annual
(min)
Type
Score
>8(10
5
600-80()
4
4(X)-6(4)
3
7 00-400
7
<700
I
Temperature -
winter
minimum (t)
Type
Score
>20
5
17-70
4
4-17
3
0-4
,
<0
I
Population,
density (ppkm")
Type < 0.1 0.1-1 I-10 10-100 >100


Score 6.6 5 4 2 0.5
The Ecosystem Poverty Index for tenestrial ecosystems (EPla.„) is calculated as
follows
C'Ell Walliqtord 2002
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EPI,,„ = (degree of degradation + rainfall + temperature) x population density
The index ranges from 1.5 (considerable ecosystem poverty) to 99 (no ecosystem
poverty). To demonstrate the use of the EPI,„„ , five areas of the world are
considered.
Lesotho (above the tree line. v cold in winter);
London:
Sumartra forest:
Namib desert.
Note that the values used are very approximate. EPI„„ for each area would be:
Lesotho
Degree of
de ,radation
3
Rainfall
4
Temperature
I
Population
densit ,
4 (5)
EPI,,,,
32
London I 4 2 I(0.5) 3.5_
Surnatran forest 4 5 4 4 (4) 53
Namib desert 4 I 3 5 (6.6) 53
London scores worst as it has no natural systems to support people, but a dense
population. Lesotho is too cold and the Mimi!) desert too dry to produce many natural
resources. However. the Namib in particular has few people depending on natural
resources, so score quite highly. For a few people who rely on the trees fed by
occasional rainfall natural resources are available. The Sumatran forest which is
broadly natural has many resources but increasine population also scores quite high.
It must be remembered that althoutzh London has a low score, this does not cause
poverty in a broader sense as the vast majority of people do not rely on natural
resources and earn sufficient money to buy resourcesbrought in from outside.
To distil from EPI,„„. an index related purely to water-ecosystem poverty, it is
necessary to remove the other non-hydrological drivers. Thus the WEPI,„„ is derived
simply from rainfall and population density.
WEPI11.„ = rainfall x population density
.15cut 2002
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Rainfall Population
density
WEPI,„ EPI,„ % EPI,„ caused
black of water
Lesotho 4 4 (5) 20 37 37
London 4 I (0.5) 2 3.5 43
Sumatran forest 5 4 (4) 20 53 62
Namib desert I 5 (6.6) 6.6 53 88
By combining these two indices (WEPI,„ and EPI), the degree to which
environmental poverty is caused by insufficient water can be calculated (see final
column in above table). It can be seen that in the Namib desert the majority of the
poverty is caused by lack of rainfall, whereas in Lesotho, it is caused primarily by low
temperatures and ecosystem degradation.
Calculating the index at different times can provide information on whether water-
environment poverty is increasing or decreasing. Burning of fossil fuels and other
human activities have increased green house gas concentrations in the atmosphere and
changed the global climate. Therefore, water-environment poverty may increase or
decreased with time because of changes in the amount of rainfall.
3.1.2 River and wetland catchments
This section focuses on rivers and wetlands. The capacity of these aquatic ecosystems
to provide goods and services is controlled by many variables, but the main drivers
are similar to those for the tentstrial ecosystems with the addition of area and nutrient
levels:
(I) Rainfall
Area
Temperature
Degree of degradation
Population density (number of people wishing to use the goods and services
and their access to them)
Nutrients
(1 ) Rainfall In regions with an average annual rainfall less than 400 mm. rivers
tend to run very low in the dry season, or are ephemeral.
Area. The quantity of water reaching a rivers and wetlands will be dependent
to a large extent on rainfall and catchment area. "Wetter" systems with higher
flow or will be more productive. .
Temperature. This is also an important driver for aquatic systems. If the
temperature is too low production will he low, particularly if there is ice or
snow in the winter. Water temperature records may not be available, but
average catchment air temperature can be used instead.
Degree of degradation. Natural ecosystems will provide more goods and
services than dearaded ecosystems. Degradation can be assessed from the
difference between the actual hydrolooical regime (flow in rivers or water
levels in wetlands) and the natural regime (Annex A). The number of dams
and abstraction points may be used as a surrooate where hydrolotical records
are not available). Degree of naturalness should also include water quality,
such as levels of oxypen, phosphates and heavy metals (Annex B).
© Wallinlifurd 2002
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Popufation density. As with terrestrial ecosystems, high population densities
may mean that they are insufficient in terms of per capita provision of goods
and services.
Nutrients In natural systems. nutrient-rich rivers have generally higher
productivity than nutrient-poor rivers, where nutrient status may be related to
geology. However, there is not a clear relationship between the two on which
to base an index.
For calculation of the index, each category is divided into five classes. The range in
each class and the score is very provisional and needsto be refined following detailed
case studies.
Class


5 4 3 2 1
Degree of Type Natural Near- Minor Significant Severely
degradation


regime natural impacts on impacts on impacted



re iime recime the re iime reeime


Score 5 4 13 1 I
Rainfall -
average annual
(mm)
Type
Score
>800
5
600-800
4
400-600
3 .
200-400
-)
<100
1
Catchment area Type >10.000 1000- 100-1000 10-100 <10
(km2)


10.000



Score 5 4 3 7 I
Temperature Type >10 11-20 4-12 0-4 <0
- winter
minimum (t) Score 5


-)


4 3 1
Population
density (ppkm-, )
Type < 0.1 0.1-1 1-10 10-10(X) >1000


Score 5 4 3


The Ecosystem Poverty Index (EPIa,w) is calculated as follows
EPlaw, = (degree of degradation + rainfall + area + temperature) x population density
The index ranges from 4 (considerable ecosystem poverty) to 100 (no ecosystem
poverty). To demonstrate the use of the EPI, five areasof (he world are considered.
rural lower Mekong:
Okavango delta (Botswana):
small river in Rio.de Janeiro -
small river in Baluchistan. Pakistan
Note that the values used are very approximate. EFL, for each area is given in the
following table.
Interpretation: Rio de Janeiro score worst as its water quality is poor, it is a small
river and the population density is high. The Okavango scores highest as this is semi-
natural lush aquatic ecosystem with low population density). Mekong scores lower
because although there are many resources, there are tens of millions of people using
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them. Pakistan scores quite high because there are few people and the temperature is
hot, even though rainfall is low and some degradation (through over grazing and
groundwater abstraction) has occurred.
Location Degreeof
dedation
Rainfall Area Temperature Population
densit
EPI.40
Mekon 2 5 5 4 2 32
Okavan o 4 4 5 4 4 68
Rio de Janeiro I 5 I 4 1 II
Baluchistan 2 1 2 5 4 40
As with EPItm, to produce an index related purely to water-ecosystem poverty, it is
necessary to remove the other non-hydrological drivers. Thus the WEPLi„ is derived
simply from rainfall, area and population density.
WEPlaqu = (rainfall + area ) x population density
Location Rainfall Area Population
densit
WEPI.1„ EPI.q. % EPlaq„caused
black of water
Mekon 5 5 2 20 32 37
Okavan o 4 5 4 36 68 47
Rio de Janeiro 5 I I 5 I I 55
Baluchistan I 2 4 8 40 80
By combining these two indices (WEPlaqu and EPIaciu), the degree to which
environmental poverty is 'caused by insufficient water can be calculated (see final
column in above table). It can be seen that in Baluchistan the majority of the poverty
is caused by lack of rainfall, whereas in the Mekong, it is caused primarily by
ecosystem degradation.
3.2 Micro (village) level
This section, data collected from the village surveys in Sri Lanka, Tanzania and South
Africa as part of the Water Poverty Index Phase I study are assessed.
In South Africa and Tanzania, the only question asked about natural resource use was
whether or not specific types of resources were used ie:
Do you use the river for anything else than water ?
CEH Wallingford 2002
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Figure 3 Percentage of population interviewed using natural resources in South African
village case studies
Data for villages surveyed in South Africa are shownin Figure 3. It can be seen that
large numbers of the population at Ethembeni and Latha use the river for recreation,
some use it for fishing and fuel wood collection, but few collect plants or other
animals. It is clear that natural resource use is much more important in Ethembeni
and Latha than in Wembezi.
The only conclusion that can be drawn in terms of a Water Poverty Index is to adopt
percentage of the population using resources as a direct indicator of poverty, ie. 0 is
water poor, 100 is water rich. The indices for the South African case studies would
be:
Village Index(% using natural
resources)
Ethembeni 68
Latha 77
Wembezi 18
Figure 4 shows the data for Latha divided according to whether the interviewee was
male or female. It is evident that women make far more (on average six times) use of
the river for natural resource use and recreation than men, even for fishing which is in
some regions a male pursuit.
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Figure 4. Natural resource use by gender at Latha
In four villages in Tanzania, the same question was asked. It can be seen that very
little use is made of natural resources, apart from some cattle grazing. Application of
the environmental component of the WPI is difficult because the reason for the lack of
use is not known.
Village Index
(% usin natural resources)
Nkoaran a 0
Samaria 19
Mien o 0
Ki'en e 0
Natural resource use
0 0 71 -0 > 71
 rn cu
c
= E 2. 3 3c, r
* co fa) (-13
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yi 0.)
—...
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Figure 5 Natural resource use in Tanzania
For the village case studies in Sri Lanka, a slightly different question was posed.
Do you use wild animal and plants for everyday living?
c 6°
50
n; 40
a 30
a00 2
10sie
0
Kijenge
Majengo
0 Samaria
10 Nkoaranga
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This includes non-river wild resources that could include plants and animals from
forest areas. It is thus more difficult to relate use to lack of water reaching the
ecosystem.
Village Index(% that use
wildplantsand
animals)
A arauda 32
Tissawa 68
Natural resource use
%
population
80
60
40
20
0
• Agarauda
Tssawa
,
Figure 6 Natural resource use in Sri Lanka
No data were available for natural resource use from the surveys in the other two
villages of Tarawatta and Avarakotuwa in Sri Lanka.
Developing the questionnaire
Three elements are key to developing an environmental index from questionnaires: (1)
use of goods and services; (2) the importance of goods and services and (3) the
adequacy of goods and services.
The questions will provide a different focus than the index developed at the macro
scale. At that larger scale, it was assumed that all thepopulation would want to use (or
have the option to use) environmental goods and services. At the micro level we try to
differentiate those that use goods and services and how important they are. At the
macro level we assessed the provision of goods and services from a natural ecosystem
plus its degree of degradation to determine availability. At the micro-level we can
assess the adequacy of goods and services directly bytargeted questions. The poorest,
in terms of the index, would be those who want to use goods and services, consider
them important, but find their availability inadequate.
Specific questions would be:
Do you use wild plants or animals (includingfish) Yes=2. No =1.
How important are they for your livelihood (food or goods that can be sold).
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No importance = I; Little importance = 2; Medium importance =3; Very
important = 4; Principal means of livelihood = 5.
3 Would you use more if they were available'? Yes=1. No=2.
These scores would need to amalgamated to form an index (ranging. from 1 to 100)
where high scores are good (low poverty) and low scores are bad (significant
poverty). The problem with these questions is that inadequate availability may not he
due to lack of water reaching the ecosystem, which is the key tenet of the Water
Poverty Index. This could only be achieved by an assessment of the causes of the
poverty level scored. If flow data for rivers, or water level data for wetlands were
available, this assessment could be based on any changes in water availability to the
aquatic ecosystem.
We recommend that the indices for the macro-scale index (rainfall, temperature etc)
are used to define potential level of goods and services from the ecosystem, with the
population factor replaced by response to the above questions concerning actual use.
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Annex A
Degradation of the hydrological regime
One of the key elements of the ecosystem component of the Water Poverty Index is the
degree of naturalness or degradation of the hydrological regime. However, this requires
quantification of a simple measure of the difference between the natural regime and that its
current state.
In natural ecosystems, river flows, wetland water levels and groundwater levels vary
continuously, with periods of stability. rises, falls, floods and droughts. Other components of
the ecosystem. including plants. animals and sediment/nutrients dynamics are all adjusted to
these variations. Any change in the hydrological pattern will lead to changes to the ecosystem.
It is not possible to prescribe a single index that encapsulates the entire hydrological regime.
In practice. measures of low flow, such as Q95(the flow that is exceeded for 95% of the time).
are often used to index river flow regimes. since it is during dry periods when flows are low
that water is normally most needed and withdrawals of water have their maximum impact on
the rivers. However. Q95 in semi-arid regions may he zero, so another flow statistic may be
used. such as mean flow. The mean flow has the advantage that it can be more readily
calculated from a water balance approach to the catchment. The disadvantage is that the
hydrological regime may be considerably altered, whilst preserving the mean. For example. if
a flow equal to the mean flow, may be released continually from a reservoir the mean will be
the same as the natural flow, but all variations about the mean (floods and low flows) will
have been eliminated.
Other practical problems also exist with this approach. Even in situations where the actual
river flow, groundwater table or wetland water level is measured. calculatine the natural flow
regime requires records of abstractions and discharges from and to the system. In most cases
these will not be recorded. Estimation of the natural regime often relies on reference to near-
by or similar hydrological systems that are natural.
The simplest index of degradation. in the case of river flow. is:
FR1.,= RMF / NMF
where
RMF = recorded mean flow
NMI; = natural mean flow
For cases where the recorded mean flow equals the natural mean flow, the index will equal 1.
The index could exceed IOU where discharges to the river results in recorded mean flow
exceeding the natural mean flow.
Since many river, wetlands and aquifers have significant wet and dry seasons. a more
sophisticated index could have two components:'
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Annex B
Water quality
There are a wide variety of determinands that influence the quality of water including
nutrients (eg. nitrates, phosphates). metals (cg. copper. zinc, lead) and pesticides.
The OECD has published data at a national level for a range of water quality parameters.
These have been used in environmental indices such as the Environmental Performance Index
(WEE, 2002). They three water quality measures: dissolved oxygen. phosphorus
concentrations, biochemical oxygen demand using data for 22 countries.
Other national indices are available. such as the Surface Water River Ecosystem
Classification (NRA, 1994), which classifies the quality of rivers into 5 groups.
River Dissolve
Ecosyste d Oxygen
m Class %
saturation
)0 rcenti ic
1 Very 80
good —
suitable
for all
s ecies
2 Good - 70
suitable
for all
species
3 Fair — 60
suitable
for high
class
coarse
fish
4 Fair — 50
suitable
for coarse
fish
5 Poor — 20
likely to
limit
coarse
fish
BOD
mg/I
90 perc
Total
ammonia •
mg N/I
90 pen:
Un-
inonised
ammonia
Mg N/I
05It:L.1161c
pH
5 Perc
95 p
Hardness
mg/I Ca
CO3
90 pew
Dissolve
d copper
pg/I
OD Im:TC
Tota
1
zinc
PO
05lc
2.5 0.25 0.021 6 —9 <10 5 30



>10 - 50 7" 200



>50 - 40 300



100 112 500



>100


41) 0.5 0.021 6 —9 <10 5 30



>10 - 50 77 200



>50 - 40 - 300



100 I 17 500



>100


6.0 1.3 0.021 6 —9 <10 5 30



>10 - 50 27 200



>50 - 40 300



100 112 500



>100


8.0 1 .5


6 —9 <10 5 300



>10 - 50 77 700



>50 - 40 1000



100 111 2000



>100


15.0 - 9.0


6-9 <10 5 300



>10 - 50 77 700



>50 - 40 1000



100 111 2000



>100


Table 131Water quality standards for UK rivers (NRA, 1994)
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Which Water are we Indexing and Which
Poverty?
Tony Allan
SOAS, University of London. tony.allan@soas.ac.uk
•While water shortages do not determine the levels of poverty or prosperity enjoyed
by a community, communities that endure poverty will in almost all circumstances
face problems in accessing sufficient safe water fhr domestic purposes and for secure
livelihoods.'
Summary
The purpose of this analysis will be to contextualise the water poverty index activity
by providing a review of some important underlying concepts. The discussion of these
concepts will also assist in defining the scope of thestudy. First, it will be shown that
communities can endure water shortages with poverty. They can also experience
water shortages and enjoy prosperity. Secondly, it will be shown that while water
shortages do not determine the levels of poverty or prosperity enjoyed by a
community, communities that endure poverty will in almost all circumstances face
problems in accessing sufficient safe water for domestic purposes as well as for secure
livelihoods. Poverty is a socially and politically determined phenomenon. Poverty is
not environmentally determined. Thirdly. it will he shown that the long term
challenge of allocating and managing adequate. sufficient and safe water is
fundamentally associated with the creation of secure livelihoods. Secure livelihoods
enable access directly to the small volumes of water needed for drinking and domestic
purposes and indirectly to the water intensive commodities that are also necessary for
life and well-being. Finally, it will be emphasised that in attempting to ameliorate the
problems of those enduring water poverty priority will always have to he given to
how to address the social and especially the political circumstances - local and
external - that have led to the impoverishment of a community.
Water poverty is an element of poverty. The elimination of the political and socio-
economic circumstances that consign a community to poverty will also enable the
elimination of water poverty. As a result one of the features of this project will be its
focus on communities that are poor in socio-econoinic.termsiRegions•that endure•low
rainfall or lack surface and sub-surface fresh water will not be the prime focus.
.0 CHI \\'allitylord 2002
Appendix 9.2
soil water. These fresh waters may be local in origin or they may have been moved by
gravity from sources thousands of kilometres away.
Adequacy ensured
by the economy
Drinking&domesticme
Inadequate
Waterusefor
foodproduction
Surface &
groundwater
/freshwater]
flow s &
storages
So] I
w a ter
Adequacy ensured
by the economy
Figure 1: Water needs and the diverse combinations of sources which satisfy need. The
diagram shows that the water supply system is not a closed one for a community in a
particular tract. Both technology and trade can provide potential solutions for water supply
deficiencies. It is the impoverished circumstances of poor communities that prevent them
accessing the 'supplementary' manufactured water and the traded virtual water.
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Demand and availability: identifying the proportions of the competing
demands for fresh water and for soil water: scarcity can be naturally or
socially determined
Individuals and communities need water for food, for domestic use including for
drinking and cooking, for livelihoods and for the maintenance of environmental
services. Very little water is needed for domestic purposes and for most livelihoods
outside agriculture. The main competition for water for human use is between big
volumes of water diverted from the environment for food production and the even
bigger volumes of water in the environment that sustain environmental services. All
water used by human systems is diverted from water flows and storages that, before
human intervention, were in the environment.
In brief, an individual needs about one cubic metre of high quality water per year for
drinking; a quantity of between five and 100 cubic metres per year for domestic
purposcs; and a quantity of between 500 and 1000 cubic metres per year for the
production of their annual food needs.
In industrialised economies the levels of domestic water use, including drinking
water, are about 100 cubic metres per person per year. In the poor economies of
Africa the levels of domestic water use are at the low end of the range —about five
cubic metres per person per year - because water for domcstic consumption may have
to be carried by the family from remote sources.
Levels of water use for food consumption also vary widely. People in industrialised
economies enjoy diverse diets including high proportions of animal products. This
pattern of consumption accounts for a high level of per person use of about 1000
cubic metres per year of water. The diets of poor communities are not diverse and
they generally consume few animal products. As a result the water needs for food
could be as low as half of the levels of those in industrialised economies.
Water for food consumption is a complex issue in that the water used for crop
production may be available naturally in the soil profile. In some locations the
naturally occurring soil water may be supplemented by freshwater diverted and/or
pumped from surface and ground waters. In arid, rainless, regions all the water used in
agriculture may come from surface and/or groundwater.
In the light of these numbers it is evident that the concept of available water is
complex in that a community may derive ninety per cent of its water needs from the
soil profiles surrounding their dwellings. [See Figure I] Soil water is not available for
drinking and domestic use yet it usually provides the bulk of the water needed for
survival. Any attempt to design a water poverty index that indicates the status of the
water available to a community in relation to the levels of water needed for survival
must be capable of distinguishing between different types of water shortage.
First, water shortages may relate to the inadequate availability of the small volumes of
water needed for drinking and domestic purposes. Secondly, water shortages may
result from inadequate water availability for crop and livestock production in low
rainfall areas. Thirdly, water shortages may result from the local absence or
inadequacy of fresh surface water and groundwater to supplement, or serve instead of,
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Poverty and water poverty
Communities can face water shortages in economies enduring poverty. They can also
face and overcome water shortages in circumstances of prosperity. The inadequacy of
the water availability can be ameliorated by accessing water for drinking and
domestic purposes via technology and trade. The small volumes of water needed for
domestic purposes can be manufactured - by for example by desalination. The big
volumes of water associated with food production can be accessed via trade in water
intensive commodities. This water is often referred to as virtual water. (Allan 2001)
[See Figure 1]
It is the inability of poor communities to access technology and trade that consigns
them to water poverty. Local deficiencies in freshwater and soil water availability
cannot be addressed successfully by the poor. The communities for which the
proposed water poverty index will be relevant are those that do not havethe option of
accessing manufactured water or traded virtual water.
In this study the focus is on the communities and economies that are poor and
therefore lack the means to fully ameliorate their water shortages. Either water is not
locally available or the communities lack the technical and economic capacity to
access available local water. They also cannot access water available outside their
locality either by technology or via trade
Water poverty has two dimensions. Ohlsonn (1999) has usefully shownthat there are
two orders of water scarcity. First order scarcity is the shortage of wateritself. Second
order scarcity is that of social adaptive capacity. The poor lack social adaptive
capacity. The absence of second order social adaptive capacity is many times more
important than first order water shortage.
Water
resource
status of
the economy
Im3ppy as
an indicator]
10000 m3ppy
1000 m3ppy
10m3ppy
$10 ppy $1000 ppy $1001300 ppy
Adaptive status of the society & economy
[GDP/person/year as an indicator]
Figure2 The two dimensions of water poverty and the two ameliorating factors- the water
status and social adaptive capacity
The focus of the study is on the impoverished communities who currently lack the
ability to ameliorate their water supply problems. Communities that lackthe ability to
ameliorate their water shortages lack 'social adaptive capacity'. (Turton and Ohlsson
2000)
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Determining factors and water poverty
There is a tendency to assume that water shortages will determine poor economic
outcomes. Such environmental determinism has longbeen discredited. Shortages of
water do not determine the levels of poverty or prosperity enjoyed by a community.
Figure 3 conceptualises water resource determinism.Figure 4 and Figure 5, however,
show that water resource endowment does not determine socio-economic
development outcomes
Water
resource
status of
the economy
Hn3ppy as
an indicator)
Malthusian
relationship
$10 ppy $1000 ppy $100000 ppy
Adaptive statusof the society & economy
[GDP/person/yearas an indicator]
Figure 3 Showing the relationship predicted by Malthusian analysts. Natural resources would
determine that would determine economic outcomes and the deterioration in the natural
resource status would impoverish communities and political economies.
Figure 1, Figure 2 and Figure 3 illustrate the two dimensions of water poverty. The
diagrams also show clearly that water poverty is not static. The status of the water
resource for individuals within a nation or region tends to worsen as populations rise
and the availability of freshwater and soil water tendto remain unchanged.
Communities that endure poverty will in almost all circumstances face problems in
accessing sufficient safe water for domestic purposes and for secure livelihoods.
Poverty is a socially and politically determined phenomenon. Poverty is not
environmentally determined. A community or economy can move from a poor
position in terms of poverty and water scarcity to a position of prosperity through
creating diverse livelihoods. A strong and diverse economy enables access to water
and water intensive commodities. See Figure 4.
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Figure 4 Both the water status anu me social auapiive capacity are aynarnic. ctommuniues
and political economies have trajectories reflecting worsenin local water r o r availability
- because of rising populations, and reducing °overly - because of adaptive amelioration.
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TheWPIactivityis concernedwiththeoneto
twoMillionpeoplefacingpoorwaterendowments
andpooradattivecapacityin this
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Figure 5 Diagram defining the communities for which the Water Poverty Index can be a
relevant analytical tool and where re-allocative policies, investment and technology should be
devoted
Secure livelihoods ameliorate water poverty
The long term challenge of accessing, allocating and managing adequate sufficient
and safe water is fundamentally associated with the creation of secure livelihoods.
Secure livelihoods enable access directly to the small volumes of water needed for
drinking and domestic purposes and indirectly to thewater intensive commodities that
are also necessary for life and well-being. Evidence that economies which generate
diverse and secure livelihoods can overcome water shortages was clear in Figure 4.
The creation of livelihoods is achieved by the mobilisation of local human and social
capital. These are just two of the five capitals associated with the creation of
livelihoods. Figure 6 is a diagram showing the five capitals. Impoverished
communities are by definition short of all the capitals. Their local environmental,
human and social capital have not been mobilised to create manufactured and
financial capital.
The focus of this study is on communities that lack the adaptive capacity to mobilise
their environmental, human and social capital to escape poverty. They have created
little manufactured capital and cannot access financial capital.
Ideally a composite water poverty index will be weighted by the availability of the
local capitals —environmental, human and social.
For planning and policy purposes it will be helpful to haxe information on the status
of local manufactured capital and financial capital and on trends in availability.
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The five capitals
and livelihoods
Financial I
Canbe
EXTERNAL
Social resources
enable communities
to create livelihoods
enabling deficiencies
in environmental
resources to be
overcome
Manufactured
LOCAL
Figure 6 The five capitals and the creation of livelihoods that ameliorate environmental
resource deficiencies.
Politics and governance: the diverse contextual factors which influence
existing water management options and their potential for change and
reform?
'Any attempt attempting to ameliorate the problems of those enduring water poverty
must attempt to take into account the political and governance dimensions that
explain water poverty and the poverty to which water povertv is subordinate.'
The most difficult factors to measure and evaluate in the area of poverty and water
poverty incidence are those of governance and politics.
Governance is defined as the formal and informal institutions and arrangements that
affect the relationship of a community with its resources, including its water
resources, and with competing users. Such arrangements can advantage or
disadvantage particular communities.
Politics is defined as the power relations between those who have allocative power
over resources, such as water, and those whose access is affected by such power
relations.
Politics is about the 'who'; governance is about the 'how' — in the definition —
'Politics is about who gets what, when and how'. (Laswell 1956)
Any attempt attempting to ameliorate the problems of those enduring water poverty
must attempt to take into account the political and governance dimensions that explain
water poverty and the poverty to which water poverty is subordinate. Appropriate
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priority should be given to the social and especiallyto the local and external political
circumstances that have led the impoverishment of acommunity.
Conclusion
All indexes of social and economic activity are attempts to simplify the extremely complex. The above
analysis is intended to demonstrate that the group of interdisciplinary environmental and social
scientists, engineers and water resource professionals were aware of the complexity and the
circumstances which make simplification challenging.
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Resource & Socio-economic Contexts-
Contribution to Training Material
Tony Allan, SOAS, University of London
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A Water Deficiency Index for Primary Water Use
Michael Clark
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A Water Deficiency Index for Primary Water Use
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•
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taken to collect water
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collection and use


5.3
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WATER NEED
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. •
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. . _ _ . .
% index based on estimated proportion of
12-hoor day represented by total time of
water trips for each individual concerned.
Effort includes a terrain and climate
energy loss multiplier of the time or
distance
River flow in excess of whichever is the
greater of ( I ) in-stream ecological
requirement and (2) delivery flow
requirement
Groundwater availability
Dam + pond water availability
Capacity of piped water supply
Roof water harvesting
Water availathlity from vendors
Standardised nominal per capita need III
A doser of the deficiency index
Water deficiency is the extent to which.actual use of good-quality water matches
assumed needs
S = Suirogote Data N = Nominal/standard Data
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Calculation of Deficiency Index for Primary Water Use
Water deficiency is the extent to which actual useof good-quality water matches
assumed needs
WATER DEFICIENCY = (WATER USE x WATER QUALITY) / WATER
NEED
Strictly the index should he discounted by thc opportunity cost of collection trip effon (4.
Variations could be calculated incorporating potential water use enhacements produced by modelling the addition
of new or improved water supplies —thereby reducing the effort cost multiplier (4.1) and the supply limit (5).
NB Tbe index could be separately calculated for dry/wet season and aggregated pro rota.
WATER USE = 1.1
Or (1.2 + 1.3 + 14) x 2.1 x 3.1 (standardised toper wino using I 6)
Or (1.5 + 1.3 + 1.4) x 2.1 x 3.1 (standardisedtoper ((pica using I 6)
Or (1.6 x 6.1) x 4.1 isunclardiscdtoper capita thing I 6)
NB The alternative estimating routines rnay need standardising la a general or nationally-derised factor Ibis could
be tested in Phase I
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Appendix 9.5
Poverty & Indicators Literature Review
Tim Fediw, CEI-1 Wallingford
9.5.1: Definitions of Poverty
The study of poverty can be traced back at least as far as medieval times in England
when poor laws were codified. however. empirical studies did not first come about
until the turn of the century when pioneering studies were made by Booth in London
and by Rowntree in York. Rowntree's study of 1901 was the first to develop a
composite poverty standard, which included estimates for individual families based on
estimates of nutritional and other requirements3. Since this time, approaches to
poverty have changed and the scope of poverty studies expanded such that there are a
number of interpretations of the meaning of poverty, accompanied by an even greater
number of ways to calculate it.
The literature on poverty is so vast as to be impossible to list. Some of the key issues
on poverty which have been examined include work on gender (Rosenhouse, 1989),
definitions of poverty in the context of development (CDP,UNDP 2000; Sen, 1995;
van der (Iaag,1988), poverty thresholds (Orshansky, 1969), poverty measurement
(World Bank 1996a; Lipton. 1988; Desai, 1995) poverty and welfare (World Bank.
1998) poverty and food (Malseed, 1990) poverty and politics (Um, 1994) poverty
and health (WHO, 1902), poverty and vulnerability (CDP, 1999) and many more
issues. While a lot of these issues may touch on the importance of water, very few
attempts make the link explicitly between water and poverty, although the
WHO/UNICEF Joint Monitoring Program does attempt to assess progress in the
provision of clean water and sanitation.
Methods currently in use to assess poverty need to be considered in any attempt to
link water resource assessments with poverty to form a Water Poveny Index. There
are a number of approaches to this, including the Poverty Line, the Headcount Index,
and the Poverty Gap. The Poverty Line is a consumption-based measure comprised of
an element representing the minimum level of expenditure required for basic
necessities, plus an extra amount for that required to participate in the everyday life of
society. This varies considerably throughout the world, but for developing countries it
is thought to range from $275 per capita per annum, to $370 per capita per annum.
This measure indicates that over 1 billion people fall below the poveny line, roughly
one third of the total population of developina countries. The Headcount Index
expresses the number of poor. as defined by the poverty line, as a percentage of the
total population. In a large country like China, a relatively low Headcount Index can
actually mean very large numbers of people. The Poverty Gap is sometimes called the
Average Income Shortfall, an assessment of the amount of money that would be
necessary to bring every poor person up to the poverty line. This is expressed as the
aggregate income shortfall of the poor. as a percentaoe of aggregate consumption.
All of these approaches are based on national income fi2ures. and as averages, are not
very representative of regional variations. As a result, they often fail to accurately
3 Ntaxwell .S (1999)
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represent the levels of poverty experienced in different communities. Importantly,
measures of per capita income are recognized to be inadequate to represent human
wellheing. While money measures may provide some means of comparison of
economic activity, they take no account of non-monetary attributes of human
wellbeing, nor of the value of women's household labor, nor indeed of depreciation of
natural capital.
I lenninur (1998) points out that "no universally agreed won definition of poverty
has been established". However, he goes on to define poverty as being unable to
secure a minimum standard of well-being or when peoples choices and opportunities
to lead a tolerable life are denied or restricted. Henninger refers to eight broad
components of poverty as identified by Jazairy et al (1992) These are; material
deprivation which can include inadequate food supplies, poor health, lack of
education, clothing, housing or fuel. Lack of assets,geographic isolation, alienation.
dependence, or lack of decision making powers are also components of poverty.
Additionally. vulnerability to external shocks such asfloods or drought and insecurity
in terms of the threat of being exposed to physical violence arc also identified.
Poverty is therefore multidimensional and similar factors have also been identified
when local people are asked about poverty. Issues such as being free of obligations to
make children work for others or the ability to decline demeaning jobs are two
examples of elements that were often identified.
Maxwell (1999) identifies what he calls nine "fault lines in the poverty debate".
Firstly, poverty can be measured at an individual or household level depending on
what the study aims to highlight. Poverty is often defined in terms of private
consumption, however, the inclusion of publicly provided goods and services may be
more realistic. Some measures of poverty are restncted to monetary measures. A
clear fault line is said to exist between such measures and those that include factors
such as self-esteem or participation. Fault lines also exist between snapshot or time-
lines measures, actual and potential measures. stock or flow measures, absolute or
relative poverty, input or output measures and objecti ve or subjective perceptions.
Whilst there is no right or wrong answer, it is commonly agreed that welfare obtained
from public provided and common properties should he included. Additionally. it
should be noted that poverty affects individuals, ii is therefore necessary to involve
these individuals when it comes to defining poverty
Rowson (2001) points out that "a focus on income is not always helpful when we are
Irving to ththk of ways to tackle poverty". Rather, one should look at what it means to
be in a state of poverty such as access to health services, clean .water and sanitation,
education and mortality rates. A measure of poverty that includes these factors is
therefore broader than a basic income measure. This measure is known as Iluman
Poverty as appose to Income Poverty and might include factors such as lack of
income and assets, isolation, physical weakness, powerlessness and vulnerability.
The definition of poverty that is frequently adopted in the UK is based on the
European Union working definition of poverty which defines it as: "Persons, fiunilies
and groups Qf persons whose resources (material, calm ad and social) are so limited
as to e.vclude them. This definition is one of relative poverty, rather than absolute
poverty as it defines poverty in terms of denvation. from a certain standard. In this
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sense, the standard of living that constitutes poverty will be far higher in a developed
country than in one which is less developed.
Absolute poverty describes poverty "without reference to social context or norms and
is usually defined in terms of simple physical subsistence needs but not social needs-.
Furthermore "absolute definitions of poverty timd to he prescriptive definitions based
on the 'assertions' of experts about people's minimum needs-4. The World Bank
employs an absolute definition of poverty in the form of a poverty line. The poverty
line, or minimum income required, is deemed as (US)81 per day and any person
living on less than this per day is seen to be in poverty. Such a definition does not
therefore encompass social factors.
Gordon and Spicker (1999) summarise a number of contributions that have been made
to the argument between the merits of absolute and relative descriptions of poverty.
Sen (1983) argues that "there is an irreducible absolutist core in the idea of poverty.
there is stanwion and hunger then. no Matter what the relative picture looks like-
there clearly is poverty-. Townsend (1985) though. claims that this core is itself
relative to society.
Fonkem (1999) points out that an absolute definition of poverty may beinsufficient as
it does not take into account what is a "reasonable and acceptable as a style of
living- in a particular place or at a particular time. Circumstances normally change
from place to place and from time to time. For this reason two standards of poverty as
put forward by Townsend should be employed. A "national-relational- measure
should be used based on relative poverty accordin2 to a particular society along with a
"world-relational" measure based on more absolute standards. This method allows
poverty between different societies to be better compared. The argument between
these too broad definitions is arguably less important than the need to identify those in
need and to identify the issues that lead them to be in a deprived state.
The Canadian Council on Social Development (CCSD) (2001) recognises that
"virtually all measures of poverty are relative- as whether or not someone is seen as
poor depends, to some extent, on society norms. For this reason, from 2002 onwards,
CCSD is introducing what it terms the Market Based Measure (MBM) for defining
poverty in Canada. As well as encompassing basic, absolute, human needs, this
measure also includes factors that represent what is needed to achieve "creditable"
community norms.
This method has come in for criticism, a§ its calculation will involve large subjective
judgements being made on the pail of government officials, in particularly when it
concerns what factors should be included in the basket measure. For this reason, it is
recommended that the formation of the MBM should have a participatory and
transparent approach.
Boyle (1999) attempts to show that there is a satisfactory resolution to the long
standing argument between absolute and relative definitions. O'Boyle begins by
renaming these definitions as "minimum living standard- and "income distribution
standard- respectively as these terms more accurately reflect what each definition is
4 Gordon .D, Spicker .P (1999)
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explaining. He believes that a great improvement in the way poverty is defined and
measured can he achieved if more consideration is given to the reason why poverty is
two-dimensional.
To this end, O'Boyle suggests that a single definition of Poverty can he achieved
which encompasses both the minimum living standard and the income distribution
standard definitions. Furthermore, this improved definition should be convenient.
consistent, direct, comprehensive and widely acceptable.
From this a three-pan classification of "poor" can hecreated. Those who are found to
be poor under both the income distribution and minimum living standard definitions
are defined as "poor". Those who are identified as poor under one or other of the
definitions are identified as "marginally poor". whilst those who qualify under neither
are "non-poor". This system helps to address the depth of income poverty and has
been shown to be widely accepted by thc public as it confirms to their values
regarding the nature of poverty, which is essential for it to work.
In addition to this, O'Boyle cites the cause of controversy over definitions as being
down to the mutual failure of the advocates of absolute and relative definitions to
recognise the premises they have used in shaping their definitions. This failure leads
the advocates of both camps failing also to recognise those of the other party.
There are numerous variations of the definition of poverty and arguments relating to
which one is most relevant. It seems clear though from this literature review that any
meaningful quantification of poverty should include both aspects of absolute and
relative definitions. In absolute terms, there is always a minimum level of certain
resources that people need in order to survive. Access to water resources is likely to
be a major determinant of absolute poverty. Additionally though. it is necessary to
place things in a cultural and more localised context if the definition of poverty is to
be meaningful to both the researcher and thc very people that it is defining.
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9.5.2: Indicators & Techniques of Creating Them
Indicators provide a convenient method of summarising large amounts of data into a
single value, which can then be compared over time or between countries and regions
to reveal changes and differences. They also provide a means of communicating
information about progress towards a goal (such as sustainable resource
management5) in a significant and simplified manner. In the U.K. the Consumer
Price Index (Retail Price Index) provides a good example of an indicator. Data is
collected on the price of goods and services by measuring -baskets of goods" that are
representative of consumer spending patterns. The items in each basket are known as
price indicators and are combined together to produce the index, which gives an
average measure of the change in prices of goods and services. Thus, the indicator
provides a picture for the change in overall prices based on a selection of goods only.
How an indicator is constructed can be illustrated with a simple example. Take a
basket with three goods: bread, meat and salt for two years:
Priccs in (E) pounds per kg:


1990 2000 % Change
Bread 0.75 1.05 40
Meat 5.00 6.00 9 0
Salt 0.95 0.40 60
Suppose that in 1990 the typical consumer bought 100kg of bread, 200kg of meat and
4 kilos of salt:
Cost of 1990 basket is: 100*0.75+200*54-4*0.25. £1076
Cost of 1990 basket in 2000 is: 100*1.05+200*64-4*0.4. £1306.6
The total increase in the cost of the 1990 basket is 21.4%, which is much lower than
the average price increase. This is because although meat went up in price by the
lowest percentage, it is the most important item in thc basket and carries the greatest
Weight of total spending. Hence, an indicator can reflect the weights given to the
different aspects that make it up.
Single indicators such as the Consumer Price Index can be used alone, however, some
indicators are more useful when used together. The OECD, for example, uses a
working set of core indicators in measuring development progress. Indicators
covering a large range of factors that contribute to development such as education.
health access to safe water and environmental sustainability are used to measure
overall development progress. The Human Development Index is an average of three
separate indicators and is calculated annually based on the relative performance of
each country in human development. The Water Poverty Index can be constructed in a
similar way. bringing together information on resources, access, capacity, use and
environment for each country to allow comparison internationally.
5 For inure inknmat ion on indicators and natural resource management. see Walmsley. J (2002)
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There is a considerable literature on the use of indicators (Anderson, 1991,DoE. 1996,
Hammond et al, 1995, Rennings and Wiggering, 1997 Rocers et al., 1997, Salameh.
2000, Streeter). 1996, World Bank, 1998) While many of these allow policy makers
and funding agencies to monitor progress for environmental change or poverty
elimination, those of the Committee for Development Policy of the United Nations are
particularly of use. None, however, recognizes the unique importance of water to all
forms of life. Without adequate and efficient water supplies, i.e. where there is 'water
poverty', any measures to reduce income poverty areunlikely to be successful.
The challenge of a good indicator is to be able to create an index or an alternative
form of representation, which is characteristic of a whole country or region using a
relatively small sample. "Indicators must simplify without distorting the underlying
truth (and) reduce the complexities of the world to a simple and unambiguous
message "Crhorough design of the indicator is therefore essential in order to ensure
that the indicator achieves this accurately. A number of examples of different
approaches to the creation of indicators, in particular regarding poverty, will he
discussed below.
As part of the project "Improving Methods for Poverty and Food Insecudty Mapping
and its Use at Country Level- the FAO, CGIAR, UNEP and GRID, in Henninger
(1998), have sought to construct poverty maps. basedon survey data, to provide an
indicator of the levels of poverty Ilatp://tvww.povertymap.net/). The data used can
come from a variety of sources each of which have advantnes and disadvantages.
Whilst census data allows a fine resolution map to becreated, information is often out
of date. Bottom-up approaches have the advantage of allowing participants to
introduce their own criteria but lack of structured questions can make it hard to
extrapolate results and compare information. household surveys to some extent
provide a compromise although they produce maps of only adequate resolution.
These Maps are constructed using GIS and can deliver clear information on the spatial
distribution of poverty. The use of maps to represent poverty was found to have a
number of benefits. Use of GIS made it easier to integrate data from various sources
and disciplines, which, if a conventional index approach had been used. may have
been harder. This mapping technique also allowed geographic areas suffering from
poverty to be clearly identified. Using this information, the allocation of resources
can be improved and used to target anti-poverty programmes.
Using a map rather than figures has distinct advantages when it comes to developing
countries, as they arc more easily understandable to a wider audience. Mapping
therefore provides a powerful tool - for- decision-makers:— Additionally,. poverty-
mapping allows the limits of analysis to be expanded to include ecological factors and
allow new variables to be included which were not part of the survey.
Mapping can help provide new insights into the causes of poverty that could not be
found by conducting a household survey alone. Identifying physical isolation is one
example. Mapping also has the advantage that it can be applied at the national and
6 World Health Organisation: Environmental Health Indicators.
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sub-national level. High-resolution maps can be used to support efforts to localise
decision-making.
Henninger (1998) also recognises that poverty indicators can he grouped into three
major dimensions of economic, social and enabling environment. Under the
economic dimension either current consuniption expenditures. income or wealth can
be used. Social aspects of well-being can include measures of nutrition, enerey,
sanitation and water availability, family planning or education. Such indicators have
the advantaee that they can be used as a proxy for the constraints of human welfare
but have the problem that they can bc hard to aeereeate. Althoueh less used at
present. enabline environment indicators can provide important information. These
can include level of empowerment, governance, participation and transparency of the
legal system.
The United Nations7 (1995) use Multiple Indicator Cluster Surveys (M1CS) as a
method of producing indicators about. the population when other data such as census
data or sample survey data is not available. MICS involve surveying groups or
clusters of households within the population to produce a nationally or sub-nationally
representative picture.
Good survey design is essential to ensure that the correct data is collected and that
questions are unambiguous. As part of this design it is necessary to ensure that the
interviewers are trained to a high standard so that all interviewers conduct the survey
in the same way. Pre-test questionnaires should always be carried prior to the main
survey. This can hiehlight a number of problems such as if respondents are willing to
answer questions in the form they are presented, whether questions aremisinterpreted
and whether or not the questionnaire has been effectively translated. This can also
give an indication about the time it will take to carry out the survey andany additions
that may need to be made to the questionnaire.
A number of problems can occur with MICS. Large and small communities may have
an equal chance of being selected when in fact the larger community should have
more chance. A technique called "Probability Proportional to Size" can be used to
overcome this. Similarly, key groups with special needs may happen to he excluded
from the survey as a result of randomness. This can be overcome by stratified
sampling. Due to clustering, not all households are selected independently of each
other and may therefore have similarities. This is known as design effect and can be
overcome by increasing the sample size.
The effectiveness of MICS was later evaluated by UNICEF (1997) who concluded
that, additional training and technical assistance was required, lack of language skills
were a problem and that further capacity building within countries is required.
The World Health Organisation (WHO)8 recognise that environmental health
indicators must satisfy a number of different criteria to be effective. They must
provide a meaningful summary of the conditions for non-experts as well as being
testable and scientifically sound. Indicators need to be sensitive to real changes but
also must not be affected by "noise- to any great extent. When these criteria are
7 UNICEF (1995)
8 World Ilealth Organisation: Environmental Ilealth Indicators:
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added to the need for cost effectiveness, the types of indicator that can be developed
are limited to a certain extent. One of the greatest conflicts is balancing the need for
current, high resolution data with the cost of collecting. Furthermore, different
indicators demand different qualities from data, data is therefore often not
interchangeable. It is also vital to ensure that indicators do not stand still, they must
be adapted over time to reflect the changes that are happening in the world.
Whitst different indicators need to be developed for different situations, it is not wise
that everyone develops their own indicators as this may result in a duplication of
effort and ambiguity over which indicator to use. The paper therefore sets out some
clear guidelines on indicator design and provides a summary list of environmental
health indicators. Of particular relevanc'e to the construction of the Water Poverty
Index are "access to basic sanitation-, "access to safe and reliable supplies of drinking
water", "connections to piped water supply" and "outbreaks of water borne diseases-.
The World Resources Institute (2(01) identified similar problems when developing
indicators to assess the extent of risk to health that people face from environmental
threats. National level data is often lacking or incomplete which necessitates the usc
of less accurate proxy measures. Similarly, Gustayson et al. (1999) find that "die poor
quality, inaccessibility and irrelevance of existing data are pervasive constraints to
reliable indicator modelling-. Greater focus is therefore required on modelling
frameworks that can use incomplete data sets or qualitative information, and linking
this to existing quantitative models.
Fibers, Lanjouw and Lanjouw (20(X)) attempt to reconcile these problems with data
by exploiting the beneficial attributes of two different types of data. They combine
the detailed information about living standards available from small household
surveys with the comprehensive coverage of census data. fibers, Lanjouw and
Lanjouw show that by combining the strengths of each of the above, the estimator of
welfare that they are constructing, can be used at a disaggregated level. This
approach leads to a result that can be clearly interpreted and can be expanded in a
consistent way to any welfare measure.
The technique employed is to use the detailed household survey data to estimate a
model of per-capita expenditure. The parameters that result are then used to weight
the census based characteristics of a target population in determining its' expected
welfare level. Simulation, numerical integration and distributional approximations are
used to convert census data into usable figures.
Using this method on data frorn_Ecuador,..some welfare. measuees.are derivcd.which
are found to be very reliable for populations varying in size from 5,000-500.
Although it has been suggested that chance may have it that there is an especially
good overlap between data in Ecuador, research elsewhere suggests that Ecuador is
not a special case. Employing such a method may therefore provide useful welfare
indicators for other countries.
Hentschel and Lanjouw (1998) investigate the use of total consumption as a
household-level welfare indicator. This method has often been criticised, as it does
not take into account the differing access to, and cost of publicly provided services.
Hentschel and Lanjouw discuss how adjustments can be made to this indicator to take
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these factors into account. Careful analysis and correction of markets for basic
services must be undertaken when deriving welfare measures due to some markets
being highly subsidised. Meaningful welfare values can be obtained if this is carried
out.
Degreene (1994) points out that many economic indicators have lost their predictive
capability :Ind that most social indicators are collected outside of a theoretical
framework. Instead, Degreene argues that ecological and large scale natural
environment indicators can "provide more immediately powerful and convincing
evidence of instability and structural change-
F.)C1i1I Wiillin;:ford 2002
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Appendix 9.6.1
Taking the WPI Further
Ms Anna Maria Giacomello & Dr Caroline Sullivan, CHI Wallingford
The structure of the composite approach is very similar to the multi-criteria approach.
As the MCA various elements (criteria) of different unit are aggregated together by
first scoring them and then adding them using a weighting system.
Unlike the MCA, no costs are included in the aggregation. WPI values the impacts
that a certain policy could have on the criteria such as Access, Use. Capacity and
Environment, but it does not consider the cost of this policy.
However, Governments do not need only an instrument that helps them to identify
which villages arc more water poor. they would also like to know the most cost
effective way of reducing water poverty in these villages.
A way of aggregating the costs of schemes and the WPI results it is to do a cost
effectiveness analysis.
Thc WPI is calculated for each of the villages as follows:
,R, , + v1A f w w E ( I )
where
WPE! is the WPI for the village i at the year I;
Ws ) is the weight associated to the criterion j for the village i:
is any of the five component for the village i in the year t.
In the way the weights have been used in the formula, they do not change over time:
however this is arguable as preference actually chances over time. An interesting way
to structure the weights is to express them in function of time and the level of the
criterion they are associated to. The weights could be calculated as follows:
Iv, = f (1,X) (2)
The equation above captures the fact that the weight given to a criterion is very
dependent on the state of the criterion. If we ask people to give weights to the five
composite components and the current state of the environment is very bad, they
would give much more weight to it than they would have done if the state of the
environment was better.
The cost effectiveness can be constructed in the following way:
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CEA — 0-0 + rY (3)
i=u I + rY
where
c, is the cost of the scheme in yearn these are discounted using the discounting
rate r.
It could be argued the fact that the WPI has been discounted in the cost effectiveness
formula (3). In reality not all components would he discounted, the number of people
suffering from diarrhoea would not be discounted, whereas the component wealth
would be discounted.
In order to calculate the cost effectiveness of a scheme we need to predict the impacts
that a scheme has on all the WPI components. In fact, when a scheme is implemented
to improve one of the components (for example. access), it has also an indirect effect
on the other components.
It would be very interesting to identify a list of possible schemes that could be applied
to reduce water poverty and then estimate the impact that these schemes could have
on the WPI components over a certain period of time. This would allow us to identify
the scheme that is more cost effective in reducing water poverty in a village.
From WPI towards water pricing
How we have seen, the WPI (Water Poverty Index) is a very effective tool to
prioritise villages and countries on the base of their water poverty/scarcity. This index
is able to flag out the areas that are more in need of water to reduce significantly the
level of poverty. So the WPI can be used to identify the villages/country that are
unable to achieve the minimum standard of living which better water provision would
be able to improve.
Once a reasonable water consumption level is achieved by a household, it is essential
to allocate water among various uses in the most efficient way if sustainable
development is to be achieved. Agriculture, industry, domestic use, environment
compete all together over the water use. At this stage the WP1 cannot be used to
allocate water across users, to do that we need to give to water a price that reflects its
effective value.
Value of water
Water is an essential and irreplaceable resource on which our life support system
depends. Its value has long been the subject of philosophical debate which, within the
economic discipline, has been described in the 'clannonds and waler paradox', which
arises due to changes in the levels of marginal utility associated with different levels
of consumption. Values in society are based on utility and preferences, and while we
may have a low level of marginal utility for extra units of water, we all have high
utility for the initial levels of consumption associated with the basic human water
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requirements. Nevertheless we all agree that the price of water is lower than the price
of diamonds. This demonstrates the fact that price, value and cost are not the same
thing. This is particularly important when it comes to thinking about water
management, and water pricing.
The value of water varies considerably from place to place and also from use to use.
For example, for a given quantity of water, the use value from use for navigation may
be much less than that from use in a textile plant. For irrigation, the value of the water
may be much higher if the crop grown is carrots than if it were wheat. Crop selection
has a big impact both on the use value of water, and also on the level of water use
itself. Since agricultural water use takes the largest share of water allocation in most
economies, the value generated from it needs to be investigated, and methods
introduced to regulate its use
One accepted way of valuing water is through an examination of what values other
alternative uses could generate. This is knOwn' as the opportunity cost value of water.
and can be used as way of improving water allocation decisions. Unfortunately this is
not straightforward, as it is often the case that such calculations would suggest that the
cultivation of higher value (non-food) crops would lead to a reallocation of water for
that purpose. If this is taken to the extreme, then water would be allocated in such a
way as to act as a disincentive for food production, causing a problem of food
security. Nevertheless, the opportunity cost methodology does give some insight into '
the value of water.
Water pricing
For long time water has been considered a free good and sometimes still is. This has
led to overexploitation of water resources and aquifers in some areas, causing serious
environmental damage, and possibly leaving future generations with problems of
water availability. To remedy this situation, payment for water services is now seen as
an essential instrument in achieving sustainable use of water resources. In fact, water
pricing has the potential to reduce water scarcity as it creates incentive on water
demand to conserve and allocate water efficiently.
The issue of water pricing is a very controversial one, with much debate arising over
both the ethics and practicalities of pricing water. Water pricing should be set to
accomplish two roles: financially, it should be the main mechanism for cost recovery:
and economically, it should bc able to signal the scarcity value and opportunity cost of
water and allocate water efficiently within and across water subsectors.
In many countries water users pay for water, but water rates are often set at a level
which is both too low to cover the cost of the water supply, or to encourage efficient
use of water. This is often due to a combination of subsidised water rates to some
sectors, and the use of 'flat rate' instead of 'volumetric' price systems. States that
subsidise water rates effectively create negative distortions in the water market. Often
irrigation and domestic water supply systems are provided at subsidised rates, because
in so doing, they deliver public goods in the form of secure food supplies, public
health, or legitimacy for the government. A problem arises however when low water
charges and poor cost recovery lead to declining funds available for investment in
water infrastructure, and poor maintenance of existim! systems. This leads to
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inefficient water allocation, and growing conflicts between those k‘ith and without
access to water, and to the problem of unaccounted-for water. Unaccounted for water
is one of the major problems for organisations trying to develop financially
sustainable water delivery systems. Better understanding of patterns of water use will
help to address this.
The costs of establishing a volumetric water delivery structure in rural areas is often
prohibitive, especially in large and spatially distributed surface systems serving many
smallholders. As a results, in most irngation systems, arca-based fixed rates are
dominants. In urban environments, the problem of setting a water price or tariff on a
volumetric system is relatively simple. In such a situation, it is usual that a system of
graduated water rates is introduced (a block tariff), and this usually means that the
first volume of water used is priced at a very low level, ensuring that the needs of the
poor are met. At higher consumption levels, a higher tariff can be applied. In this way,
it will be possible for large scale users to subsidise the cost of small scale ones, and so
in some way compensate thcm for any 'social costs' associated with water provision
schemes.
How to estimate water rates
The main four characteristics we should look for in calculating a water pricing are the
following:
If it creates economic efficiency
If it allows cost recovery
If it minimises transaction costs
4 If it fulfils social objectives (such as recreational and environmental services
provided by water).
The problem is that these objectives arc not always easy to reconcile with one another.
For example, the use of marginal costs will led to an efficient allocation of water, but
will not always lead to cost recovery. On the other hand, a uniform national tariff
might rule out the possibility of allocating water efficiently among various users.
Inevitably, a trade-off is required and no single method of water pncing is necessarily
the optimum. The appropriate pricing methodology will depend. among other things.
on the structure of society and industry, and on the availability of appropriate data and
information for both the net
Since, the financial role of water pricing is to permit a water provider to recover the
cost of supplying water to the users, all the supply costs should be used to calculate
the water rates, including the operation and maintenance costs, and capital costs of
constructing the system.
The economic and allocative role of water pricing requires water rates to capture the
scarcity vairie and to equalise the opportsatity cosi of thc resource (the value of water
in its next best use) for the various uses. In order to achieve such goals it is essential
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to include all the environmental and social cost/benefits associated with supplying
water to the users.
Alternative ways to set a price level for water
To estimate the water rates. certain types of costs can be used:
Average costs. When using these as a guide to price setting, it is assumed that the cost
of the next unit of water will be the same as the average cost of water currently
supplied. The problem with this technique is that it fails to capture the scarcity value
of water risking market failure and consequently inefficient water allocation. This
method will ensure cost recovery.
Marginal costs In order to achieve allocative efficiency, price should be based on
marginal costs (the cost of the last unit provided). However, marginal costs are an
abstract concept, in practice, marginal costs are measured as incremental costs, which
can be defined as the forward looking additional costs caused by the provision of a
defined increment of output (this is not the same as a unit). A distinction is also made
between short and long run incremental costs (SRIC and LRIC). The SRIC is used in
practice to calculate the short run marginal cost (SRMC) and LRIC is used to
calculate the Long run marginal costs (LRMC). The problem in using the SRMC
pricing is that the cost of providing the next unit of water from a given supply system
uses only operational costs. It does not include the long term investment in the
industry, and therefore underestimates the true costs of any additional cubic metre of
water provided.
The LRMC is measured over a long period to allow the firm to adjust the volume of
all of its factors of production, so as to supply the additional increment of output at
minimum cost. In theory, by using LRMC water will be efficiently allocated over
time, and among its various users. So water pricing should ideally he based on the
LRMC. In practice, the major problem with LRMC pricing is that much, well
organised information and data is required to accurately estimate the LRMC for a
water distribution network. If the method is to be used, particular care should be given
to calculating the LRMC, in order to ensure that all supply costs arc recovered.
Phce reform can be effective and practical only with the necessary institutional and
technical conditions that enable cost recovery and allocative roles for water pricing
policy. Institutions conditions include independent water pricing agency and
regulatory body, and clearly defined water rights. Technical conditions include
volumetric delivery and infrastructure to move water over space and type of use.
Conclusions
WPI and water pricing could be used in combination. With the WPI we will be able to
target the areas more in need of water and identify the most cost effective way of
reducing water poverty. Once the minimum water requirement for living is achieved,
water pricing should be used to allocate water in a more efficient way among its users.
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Water and Conflict:
Background Notes for the Water Poverty Index
Assessment
Peter H. Gleick 9
Thc issue of environmental security has been debated now for more than a
decade, beginning as the Cold War began to wane, and the importance of the
environment and resources to international politics began to be recognized. The
argument and focus of this debate has now shifted from "whether" there is a
connection to "when," "where," and "how...environmental and resource problems will
affect regional and international security. There is also a long way to go before
nations or regions produce a common policy agenda or set of initiatives that truly
incorporate environmental and resources issues into approaches to reduce the risk of
regional and national conflicts. Nevertheless, there is a new framework under
construction that permits scholars and policymakers to apply new tools, to set new
priorities, and to organize responses to a range of environmental threats to peace and
security.
This framework is particularly well developed in the area of water resources.
In the past several years there has been considerable progress in both understanding
the nature of the connections between water resources and conflict and in evaluating
regional cases where such connections may bc particularly strong (Gleick 1993, 1994,
1996; Klötzli 1993, 1994; Boge 1993: Homer-Dixon 1994; Libiszewski 1995; Kelly
and Homer-Dixon 1995; Wolf 1997). There has also been progress in trying to
identify policies and principles for reducing the risks that freshwater disputes will lead
to conflict and to better understand mechanisms for promoting cooperation and
collaboration over shared freshwater resources.
Progress has been more than academic. In October 1994, for example, Israel
and Jordan signed a peace treaty that explicitly addressed water allocations, sharing
water information, and joint management policies for the Jordan River Basin. In
1996, India and Bangladesh signed a formal treaty that moves toward resolving their
long-standing dispute over the Farraka Barrage and flows in the Ganges/Brahmaputra
system. In 1997 the International Law Commission, after nearly three decades of
negotiations, drafting, and discussion, finalized the Convention on the Non-
Navigational Uses of Shared International Watercourses, which was approved by the
General Assembly in April (UN 1997a). And countries like Brazil, South Africa, and
Zimbabwe are incorporating mechanisms and principles for resolving conflicts over
shared waters in their new water laws.
9 Parts of this paper are modified from Ehrlich. Ali.. P.11. Gkick. and K. Conca. 2001. -Resources
and environmental degradation as sources of conflict.- In R. Hinde and 1. Rotblat (editors). Pu2wash
Occasional Pa as: 50th Pu2wash Conference: filiminatin the Causes of War. Vol. 2. No. 3. pp. l08-
138.
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Conflicts over Resources
There are many different ways to categorize the connections between
resources and conflicts. Resources have been military and political goals. Resources
have been used as weapons of war. Resource and systems for managing or using
resources have been targets of war. And inequities in the distribution. use, and
consequences of resources management and use have been a source of tension and
dispute. Gleick (1993, 1998) describes these categories for water resources.
It is important to note the distinctions between the scales at which resource
conflicts may occur. Such conflicts can occur at local, subnational, and international
levels —indeed, one of the most important changes in the nature of conflicts over the
past several decades has been the growing severity and intensity of local and
subnational conflicts and the relative de-emphasis of conflicts at the "superpower"
level.
Resources as Military and Political Goals
Where resources are scarce. competition for limited supplies can lead groups,
communities, and even nations to see access to resources as a matter of highest
concern. This aspect falls into the most traditional Cold War/realpolitik framework
where resources can be a defining factor in the wealth and power — and in the
economic and political strength — of a nation. In the past, much of the security
literature has focused on energy resources and, to a less extent, mineral resources, as
potential sources of tensions and disputes. Access to resources may serve as a focus
of dispute or provide a justification for actual conflict. While it may never be the sole
reason for conflict, history suggests that it has already proven to be an important
factor.
Resources are unevenly distributed throughout the world. Water resources arc
especially unevenly distributed, with some regions receiving enormous amounts of
rainfall or river flow, while others are extremely dry. Human factors, such as high
population densities or intensive industrial development may cause conditions of
"relative" scarcity.
The problem of shared resources complicates the problem of scarcity. When a
resource base extends across a political border, misunderstandings or lack of
agreement about allocations are more likely. Fresh water is very widely shared
because political borders rarely coincide with watershed boundaries. At the
international level, over 260 river basins are shared by two or more nations (Wolf et
al. 1999). But even countries with few or no internationally shared rivers or aquifers
often have internal water disputes among states, ethnic groups, or economic classes
trying to gain access to additional water supplies.
If there are great disparities.in.the.economic-or.military strength of the parties
involved, unilateral and inequitable decisions are more likely. A weaker party will
rarely provoke or initiate military action —and even more rarely prevail —against a
stronger adversary, but if a weaker nation either controls a resource or is dependent on
resources from an outside source, disputes and conflicts may occur. The heavy
dependence of the industrialized nations on imports of petroleum has always been a
source of political and military concern. When adversaries are equally matched
economically or militarily, negotiation and cooperation are more common outcomes
(Wolf 1997).
Finally, if there arc few technologically or economically attractive alternative
sources of supply, the potential for conflict is higher. If water is scarce and shared.
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but there exist alternative sources such as alternative suppliers, other rivers,
groundwater aquifers, or even expensive desalination, conflicts are less likely to
occur. There is a high economic, social, and political cost to conflicts: they are likely
to be avoided if acceptable substitutes can be found.
History provides a wide range of examples of this kind of conflict in the area
of shared water resources. Forty-five hundred years ago, the control of irrigation
canals vital to survival was the source of conflict between the states of Umma and
Lagash in the ancient Middle East. Twenty-seven hundred years ago, Assurbanipal,
King of Assyria from 669 to 626 B.C., seized control of wells as pan of his strategic
warfare against Arabia (see Gleick 1994 for a chronology of water-related disputes in
ancient times). In the modern era. the Jordan River Basin has been the scene of a
wide variety of water disputes. In the 1960s. Syria tried to divert the headwaters of
the Jordan away from Israel, leading to air strikes against the diversion facilities
(Falkenmark 1986, Lowi 1992). The 1967 war in the Middle East resulted in Israel
winning control of all of the headwaters of the Jordan as well as the groundwater of
the West Bank. In these cases, water was certainly not the sole issue precipitating
conflict, but it was an important factor in both pre- and post-I967 border disputes.
Water remains an important factor in the politics of the region. The
multilateral and bilateral peace talks conducted in the 1990s, which led to the interim
agreement between the Israelis and the Palestinians and to the peace treaty between
Israel and Jordan, explicitly included negotiations and agreements on the shared water
resources of the Jordan River. Israeli and Syrian concerns over the Banias, which
originates in thc Golan Heights, remain an important unresolved issue. Jordanian
concerns about Syrian dams on the Yarmouk, the major tributary to the Jordan, are .
still unanswered.
Disputes over the allocation of water occur at the subnational level as well.
and have the potential to turn violent. In California in the mid-I920s, farmers
repeatedly destroyed an aqueduct taking water from their region to the urban centers
of southern California. The governor of Arizona called out the local militia in the .
1930s to protest the construction of water diversion facilities on the Colorado River
between Arizona and California (Reisner 1986). This dispute was eventually resolved
in court.
Court decisions do not always successfully end disputes. An interim court
decision in India to allocate additional waters from the Cauvery River — which
originates in the state of Karnataka — to Tamil Nadu actually precipitated violent
conflicts resulting in the deaths of over 50 people (Gleick 1993). In 1997, the World
Court issued a decision in the dispute between Hungary and Slovakia over the
Gabcikovo-Nagymaros project on the Danube. effectively refusing to decide and
returning the dispute to the two parties for more negotiation (KItitzli 1993: Lipschutz
1997). As populations continue to grow. regional water scarcity may lead to more
frequent examples of this kind of dispute and conflict.
Resources as an Instrument or Tool of Conflict
The usual tools and instruments of war are military weapons. But the use of
resources, such as water, as both offensive and defensive weapons has a long history.
One of the earliest accounts is an ancient Sumerian myth from 5,000 years ago, which
parallels the biblical account of the great flood. In this myth, the Sumerian deity Ea
punishes humanity's sins by causing a great flood. In 695 BC, Sennacherib
completed the destruction of Babylon by diverting irrigation canals to wash over the
ruins of the city. Herodotus wrote in 400 BC about Cyrus the Great's successful
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invasion of I3abylon in 539 BC by diverting the Euphrates River into the desert and
entering the city along the dry riverbed (Gleick 1994). In 1503 Leonardo da Vinci, in
one of history's oddest collaborations, worked with Machiavelli on an unsuccessful
project to divert the Arno River away from Pisa during the war between Florence and
Pisa (Honan 1996).
In recent years, newer examples suggest that the use of water as a weapon
continues to be considered. North Korea announced plans in 1986 to build a major
hydroelectric dam on the Han River upstream of South Korea's capital, Seoul. The
project would provide electricity to the North, but is viewed by South Korea as a
potential weapon. South Korean hydrologists calculated that the destruction of the
dam by the North and the sudden release of the reservoir's contents would destroy
most of Seoul. While the project currently remains on hold due to serious political
and economic difficulties in North Korea, South Korea has built a series of levees and
check dams above Seoul to defend against any suchthreat (Chira 1986, Koch 1987).
Another use of a large dam and reservoir as a weapon of war was proposed
during the Persian Gulf War. The allied coalition arrayed against Iraq discussed the
possibility of using the Ataturk darn in Turkey on the Euphrates River to shut off the
flow of water to Iraq, which is highly dependent on flows in the Euphrates for water
supply. No formal request to Turkey was ever made, and Turkey subsequently stated
that it would never use water as a means of political pressure. but the possibility
remains a concern in the region (Gleick 1993). Both Syria and Iraq continue to have
an ongoing dispute with Turkey over the operation of Ataturk and the level and
quality of flows in the Euphrates reaching both downstream countries.
In 1997, a fresh dispute arose between Singapore and Malaysia. Singapore
has never been self sufficient in water because of its high population density and
small size and it depends on piped water from Malaysia for nearly half of all its needs
(Zachary 1997). In addition. Singapore imports water from Malaysia that it then
treats and sells back under an agreement signed in 1965 (Dupont 1998). Relations
between the two countries have long been clouded by economic competition, and
religious, political, and ethnic differences that have flared periodically since their
separation in 1965. In early 1997, these relations soured again after comments were
exchanged by senior politicians about mutual concerns, leading to Ahmed Zamid
Hamidi, the head of the youth wing of Malaysia's ruling party urging the government
to review the basis of water agreements with Singapore (Lee 1997). Chief Minister of
Johor state in Malaysia went further, suggesting that they appropriate two of the three
water-purification plants operated by Singapore in Johor (Jayasankaran and Hiebert
1997). Singapore is clearly worried that Malaysia might use water as a political and
strategic weapon against Singapore — a point made to Malaysian Prime Minister
Mahathir Mohamad by Singapore's Prime Minister Goh Chok Tong: "an agreement
by Malaysia to meet Singapore's lono-term water needs beyond the life of the present
........ __
_
water agreements would remove the perception in Singapore that water may be used
as a leverage against Singapore" (Straits Times 1997, Dupont 1998). Singapore has
also launched a campaign to increase water supplies and to reduce consumption
through an aggressive conservation program. Among their supply plans are new
desalination plants that would produce water at about eight times the cost of current
supplies (Zachary 1997).
Resource Systems as Targets of Conflict
Where resources and resource-supply systems have economic. political, or
military importance, they become targets during wars or conflicts. The city of
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Babylon in ancient times was often a subiect for conquest, as described above, and
around 720 BC Sargon of Assyria destroyed the irrigation systems of the Haldians of
Armenia. In modem times, energy plants. dams, and hydroelectric facilities have
regularly been bombed as strategic targets. The United States targeted irrigation
levees in North Vietnam. Syria tried to destroy Israel's National Water Carrier while
it was under construction in the 1950s. The Persian Gulf war saw several examples of
this problem: *the Iraqis intentionally destroyed the oil-production system and water
desalination plants in Kuwait and in turn suffered from the destruction of their ener2y-
and water-supply systems by the allied forces assembled to liberate Kuwait. In
February 2000. for tactical or strategic reasons that are not entirely clear. Israel
destroyed three power plants in southern Lebanon in response to attacks on northern
Israel from members of Hezbollah (Fahmy 2000).
Water and Poverty: Inequities in Resource Distribution, Use, and
Development
Tensions and conflicts may also result from such indirect factors as the
inequitable distribution, use, and development of resources. Energy, water, food,
minerals, and other resources are shared by two or more nations, unevenly distributed.
or inequitably used. Water provides a 2ood example. Approximately half the land
area of the world, and perhaps 70 percent of inhabitable land arca, is in an
international watershed, where river flows or lakes are shared (Wolf et al. 1999).
These include the Nile, Jordan, Tigris, Euphrates, and Orontes rivers in the Middle
East, the Indus, Mekong, Ganges. and Brahmaputra rivers in Asia, the Great Lakes,
and the Colorado, Rio Grande, Amazon, and Parana rivers in the Americas, and Lake
Chad and the Congo, Zambezi, Lake Chad, the Niger, Senegal, Okavango. and
Orange rivers in Africa, to name only a few. This geographical fact has led to the
geopolitical reality of disputes over the uneven distribution of shared waters.
Equally uneven is the level of water use. Many industrialized nations and
nations with extensive irrigated agriculture withdraw more than 1,500 cubic meters of
water per person annually for all uses. At the other extreme, nations with limited
supplies or low levels of economic development may use fewer than IOUcubic meters
per person per year. Table 1 lists the 15 countries that use the most water per capita
and the 15 countries that use Lhe least. A low level of water use has direct and
undesirable human consequences, including adverse impacts on health, the inability to
grow sufficient food for local populations. and constraints on industrial and
commercial activities.
One of the most important water constraints facing many regions is
insufficient water to grow food. Sandra Postel (1997) suggests that as annual water
availability drops below 1,700 cubic meters per person, domestic food self-sufficiency
becomes almost impossible and countries must begin to import water in the form of
grain. Table 2 lists countries where annual renewable water supplies are below 1.700
cubic meters per person per year. The number of countries in this category will
continue to rise with population growth and overall dependence on grain imports will
deepen and spread. Food insecurity is a political concern and can lead to economic
weakness and other regional problems.
Finally, there are often adverse consequences of water development and use.
and people who do not receive the benefits from water projects may feel these
consequences. Examples include contamination of downstream water supplies or
2roundwater aquifers, dislocation of people because of dam constniction, and the
destruction of fishery resources that support local populations.
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Summary
What is the connection between these issuesand conflict? For the most part,
inequities will lead to poverty, shortened lives, and misery, but perhaps not to direct
conflict. But in some cases, they will increase local, regional, or international
disputcs, create refugees that cross, or try to cross, borders, and decrease the ability of
a nation or society to resist economic and military aggression (Gleick 1993, Homer-
Dixon 1994). Even local governments may expehence unrest and controversy over
equity-related issues. In February 2000, one person was killed and over 30
hospitalized in Bolivia when public protests over water privatization and increased
costs of service were met by 1000 police and army units (Schultz 2000).
Table 1
Countries with the Largest and Smallest Reported
Per-ca ita Water Withdrawals a
CountryWithdrawalsCountry
(m3/2(yr)
IA'it hdrawals
(MI/ kr)
Congo. DR (formerly 9 Suriname 1.181
Zaire)



Bhutan IS Pakistan 1,277
Guinea-Bissau 17 Australia 1.306
Solomon Islands 18 Bulgaria 1.600
Comoros 18 Chile 1.625
Burundi 20 Madagascar 1.638
Congo 20 Korea DPR 1,649
Uganda 70 Afghanistan 1.702
Papua New Guinea 25 Canada 1,752
Central African Rep. 26 Tajikistan 1 .00
Benin 78 United States of America 2.162
Togo 28 Iraq 2.367
Gambia 29 Kyrgyzstan 7,577
Cameroon 31 Turkmenistan 6.346 b
Equatorial Guinea 31 Guyana 7.616 1)
Lesotho 31


a These data include only reported water use. Data on rainfall used in agriculture
and unreported water use are not available.
b These numbers are reported by FAO but may be in error.
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Table 2
Countries with Per-Capita Water
Availability Below 1,700 m3/p/year (as of
the mid-1990s)
Per-capita
Water availability
Country m3/p/year
Kuwait 10
Malta 46
United Arab Emirates 94
Libya 137
Qatar 143
Saudi Arabia 170
Jordan 219
Singapore rt
Bahrain 223
Yemen Dem Rep 350
Israel 467
Tunisia 504
Algeria 573
Oman 657
Burundi 658
Djibouti 732
Cape Verde 811
Rwanda 870
Morocco 1,197
Kenya 1.257
Belgium 1.269
Cyprus 1,286
South Africa 1.417
Poland 1.463
Korea Rep 1.542
Egypt 1.656
Haiti 1.690
Countries with less than 1.700 cubic meters per
person per year will be unable to maintain full
domestic food self-sufficiency reliably.
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Introduction
Access to water supply can have wide-raneing long-term positive impacts beyond
better health. These include improved livelihoods, better access to education,
strengthened community management capacity and enhanced personal self-esteem. it()
In terms of health impact, water can affect health in a number of different ways. A
lack of water for hygiene, and consumption of contaminated water can result in
disease, primarily diarrhoea! disease. Water, or thc lack of it, can also have
catastrophic health impacts through droueht and floodine. Health is both directly and
indirectly affected by environmental disasters. In the case of flooding, drowning is an
immediate hazard and subsequent devastation to livelihoods and resources is often
coupled with large-scale epidemics of diarrhoeal disease.
Water is also vital for agricultural production and for sustaining natural ecosystems
that support human life. In some rural areas, abstraction of water for agriculture can
mean less of the resource is available for domestic water supply. There are therefore
many competing demands on water which in themselves can bring about health
impacts.
There are clear examples where the green, health of the envirmonent, agenda clashes
with the brown environmental health agenda. For example in Peru. according to one
source, before the catastrophic cholera epidemics of the 1990s, the national
environmental movement had been able to affect the lowering of chlorine levels in
piped water supplies because of the perceived damage to the natural environment
caused by chlorination by-products. It seems likely that the subsequent water borne
epidemics would not have been as explosive if chlorine levels in drinking water had
been higher."
This paper focuses on the brown environmental health agenda and in particular the
nature of the infectious disease health burden associated with domestic water supply
for poor households.
How does water supply affect health?
The ways in which domestic water supply. impacts on infectious disease health have
been divided into four separate categories. " The categories are defined by the types
of intervention which can control them, rather than by the types of organisms which
10
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cause them. This model has proved helpful for engineers and public health
professionals in working together.'
The categories relate to the four water-related routes for disease transmission:
faecal-oral (water-borne and water-washed).
strictly water—washed,
water-based intermediate host
and, water-related insect vector.
The first category, the faecal-oral diseases, includes infections which are transmitted
by swallowing faecally contaminated matter containing pathogens (organisms causing
disease). They can bc caused by drinking contaminated water as well as through lack
of sufficient water for washing. Diseases in this group include diarrhoeal diseases,
typhoid, cholera and hepatitis A and E. This group of diseases is also closely linked
to sanitation. A lack of access to adequate sanitation means that faecal matenals are
not safely disposed of away from human contact. Faecal pathogens can transmit
faecal-oral diseases through contamination of fingers, food, water supplies and other
means.
The second category is strictly water-washed. These are conditions that are
exacerbated by lack of water for washing and hygiene. Diseases are largely related to
skin and eyes. such as scabies, trachoma and conjunctivitis, or to body lice, such as
louse-borne typhus.
The third category is water-based, with aquatic intermediate hosts. Aquatic organisms
such as snails act as hosts to parasites, which then infect humans either by being
swallowed or through contact in water (for example through entering the skin).
Diseases include guinea worm and schistosomiasis.
The last category is diseases that are transmitted by water-related insect vectors.
Some insect vectors, such as mosquitoes breed in or near water. They transmit
disease to humans, for instance through bites. Diseases include malaria, filariasis,
yellow fever, dengue and onchocerciasis (river blindness).
Scale of the problem
Approximately 90% of diarrhoeal disease cases are estimated to be attributable to
environmental factors." Apart from water supply. sanitation and hygiene, diarrhoeal
disease is also associated with a.numberpfitotheuiskfactors including age, nutrition,
lack of breast-feeding and seasonality.
Faecal-oral diseases, in the form of diarrhoeal diseases, are responsible for the
greatest number of episodes of water-related illness and deaths worldwide as shown in
Table I below (data are presented for WHO member state countries). It has been
estimated that diarrhoea] disease represents 90% of the health impact associated with
water supply and sanitation.'" Diarrhoeal diseases arc estimated to kill more than two
million people every year worldwide. The majority are children. There is some
reason to believe that the number of deaths has fallen over the 1990s possibly in pan
due to increased use and success of oral rehydration therapy in preventing deaths.'"
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However, it appears that the number of episodes of diarrhocal disease has remained
constant. This suegests that thc causes of diarrhocal disease.have remained constant
over time.
Table I also includes data for Disability Adjusted Life Years (DALYs) for the year
1999. These are 'the sum of life years lost due to premature mortality and years lived
with disability, adjusted for seventy'. The DALYs data are very high for diarrhoeal
disease because the calculation takes into account the number of premature deaths
which is high for diarrhoeal disease. The number of deaths from malaria is less than
half that for dian-hocal disease, at just over one million. Overall, pneumonia (and
other acute respiratory infections) and diarrhoeal disease are the two leading causes of
child deaths in The South. Despite this, the two diseases only represent 0.2% of total
Health Research and Development spending worldwide.'
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1.Water and sanitation related diseases
Mortalitestimates for 1999 DALYs estimates for 1999
Faecal-oral


Diarrhoeal disease 2,213.000 72,063,000
Poliomyelitis 7 .000 1.725,000
Water-washed


Trachoma


1,239.000
Water-based


Schistosomiasis 14,000 1,932,000
Water-related vector


Malaria 1,086,000 44,998,000
Lymphatic filariasis


4,918.000
Dengue 13,000 465.000
Intestinal nematode
infections I 6.000 2,653.000
Source: data from thc WHO World Health Report. WHO; Geneva. 2000
Why are the poor most at risk?
Determinants of health impact of water supply
The classification of water related diseases provides a broad overview of the ways in
which water supply affects health. The likelihood of these diseases occurring will
depend on a number of different factors, such as access to services, nature of use of
services, maintenance of services and seasonality, amongst many others.
This section describes some of these determinants of health impact of water supply.
Many of these determinants, especially those relating to access to services arc most
important for the poor who typically have lower levels of access to services, and quite
often have to pay the highest prices for them. The poor also face a broad set of
additional health risks. For millions of children under five, the combined effects of
diarrhoeal disease, acute respiratory infections and malnutrition can be fatal. The
poor are also often least able to cope with ill-health and the vital loss of livelihood
that it can bring along with the potentially high costs of resulting health care.
Access and use
Distance to water source has been studied to look at the relationship between distance
to source and consumption of water. Consumption of water is used as an indicator of
hygiene (and therefore health impact)." The relationship between distance travelled
to collect water and the amount of water used is illustrated in Figure I below. In the
absence of queuing, a 4 km/hour walking -speed•means-that -a -water source one
kilometre away roughly approximates a thirty-minute round trip. At distances less
than that. the amount of water collected plateaus at around 15 litres per person per
day. This consumption level depends on cultural and climatic factors, but can only he
improved by introducing water supply within the household. This tends to double or
treble the amount of water consumed per person per day.
This explains why researchers have often failed to find a health impact when
consumers have merely been moved along the plateau.
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Figure 1. The water use plateau
Water use (I.c.d.)
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Source: Cairncross S. Feachem R 1993. Environmental Health Engineering in the
Tropics; an Introductory Text, ri edition. Chichester: John Wiley & Sons, p. 63
Cost of services is another key factor which influences access to water supply and
therefore health impact. High water costs are often paid out of the low-income
household's food budget," with resulting health impacts. Studies have found that
cost can be a critical factor in the take up and success of service programmes."'
Engineering solutions need to be matched with local demand and preferably based on
participatory planning.
Access to services can also be affected by local power dynamics. In some settings, a
system of patronage exists around water supply. Villagers have to provide favours to
secure access to water.'
Another important determinant of health impact is who uses services and hmr.
Treatment and maintenance
Treatment and maintenance are also key factor's for the safety of water supply.
Common challenges that face many piped water supply systems include
contamination of source by industry, agriculture and municipal activities, old and
detehorating treatment works and distribution systems. demand for water outstripping
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supply, the increasingly recognised problem of treatment-resistant pathogens such as
cryptosporidium and fear over toxicity of disinfection by-products.'
Intermittent water supplies can result in water being effectively unavailable for
hygiene purposes. Often households need to store water. Domestic water storage
vessels are the main breeding sites for Aedes orgypti mosquitoes. the vectors of
dengue and dengue haemorrhagic fever.
There is some evidence in the UK that disconnections of water supply may influence
both the size of infectious disease outbreaks, as well as secondary infection rates."'
Intermittence is also associated with changes in pressure within distribution networks
which can lead to materials being drawn in through fractures in the pipes. This can
then lead to secondary contamination of the water supply. depending on levels of
residual chlorine.
Similarly, where water is collected from non-piped sources, the nature of water
storage and treatment are both important. Many studies have investigated the links
between public water supplies and household contamination of stored water... XVIll'UN
XX 'OA Findings have been rather mixed. There is a growing consensus that
diarrhoeal disease pathogens originating within the home, as found in household
water storage vessels, are less of a threat to household health than pathogens found in
source water supplies (for example from public wells)." This is largely because
those pathogens already found inside the house would be transmitted by other routes
within the household, regardless of water supply.
Therefore it appears more important for water quality interventions to safeguard the
quality of the water source rather than to attempt to improve domestic water
storage.'tm Other commentators have suggested treatment of water within the
household to improve quality of often-contaminated source water.' Routine
household treatment of water in many cases often involves boiling. Boiling water will
kill off most pathogens. Boiling, however, can be a rather expensive and lime-
consuming activity. It has been estimated that one kilogram of wood is needed to boil
one litre of water for one minutc.' This may not be a choice for lower-income
households where resources are limited.
Seasonality
Seasonality is a fairly well established determinant of the health impact of water
supply. In many tropical and sub-tropical areas, thc summer months are associated
with peaks in bacterial diarrhocal disease. These are believed to relate to enhanced
bacterial pathogen multiplication in the summer because of moist, warm conditions,
and possibly also because of increasè iii levels of water..supply contamination
associated with storms and heightened surface run-off " In contrast, cooler
months, especially in temperate climates, are associated with peaks in viral disease
infections.
Households may also change their source of water depending on seasonal availability
of supply.
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Pathogen specific factors
Further determinants of health impact are pathogen specific. Faecal-oral disease
pathogens include bacteria. viruses, protozoa and helminths. The likelihood of
infection by these pathogens relics on several factors. Firstly, the persistence of the
pathogen is important, i.e. whether it can survive and / or multiply in the environment.
Bacteria for instance arc able to multiply bOth in the environment and inside their
hosts. In contrast, viruses can only multiply inside their hosts.
Secondly, infective dose is a key factor about,which relatively little is known. The
infectious dose refers to the number of oruanisms necessary to cause infection.
Viruses and protozoa for instance have very low infective doses, and in some cases
just one protozoan cyst can cause infection. This makes transmission by water-
washed routes relatively easy, as only a small number of organisms areneeded to pass
on infection from person to person. In contrast, many bacterial pathogens are thought
to have much higher infective doses. In their case, direct consumption from either
water supply or food may be the most likely. route of transmission. Within these
broad categories there are exceptions. Shigella for instance is thought to be relatively
unusual as.a bacterium, in its successful abilitSf to transmit infection from unwashed
hands. "V"'
There arc furthcr hypotheses about pathogen virulence and route of transmission. For
instance, it has been suggested that pathogens which rely on water-washed
transmission routes are less virulent because they need each human to be able to
remain mobile and survive to pass on the infection.' In contrast. pathogens which
transmit infection via host ingestion of water may be more virulent as they do not rely
on person-to-person transmission routes.
A further factor is human host response, i.e. how well a host fights infection and
whether they develop immunity. This is often related to factors such as age and
general health status. As noted above, the majority of cases of illness and death due
to diarrhoea] disease are in children under five (who are more likely to be
encountenng a given pathogen for the first time). Another group at heightened risk
are the immunosuppressed.
Source of water
The source of water, i.e. either from the ground, surface or rain, may influence health
risk. Several studies have collected microbiological water quality data to compare
different types of source and technology." It is often difficult to compare such
studies, as water samples are not all collected and analysed in a standardised manner.
Surface water on the whole tends to be at greater risk of large-scale microbiolouical
contamination than does groundwater. Untreated groundwater can nonetheless be the
cause of disease outbreaks. Geology and land use patterns affect chemical and
microbiological quality of groundwater as do water abstraction techniques. The
nature of contaminants is also important. Most pesticides for instance are in the form
of insoluble emulsions. This means that it is easier for thcm to stick to physical
matter in surface water than it is for them to travel and remain in ground water.
Chemical contaminants in groundwater will often be detectable by taste and as such
this will often influence whether or not they are consumed. Arsenic and fluoride are
naturally occurring exceptions to this rule and are the cause of serious contamination
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in a number of countries includinu Argentina, Bangladesh. Chile, China. India,
Mexico, Taiwan, Thailand and the United States of America.
Attention is often focused on pit latrines and their impact on ground water quality. In
oeneral, a decision to protect ground water quality at the expense of sanitation is
likely to have a negative impact on health.'
Urban rural differences
Urban-rural differences in diarrhoea] disease prevalence, incidence and severity are
not often investigated. Some evidence suggests that few differences exist between
rural and urban diarrhoeal disease prevalence rates. For instance, a review of data
from Demographic and Health Surveys from eight countries, reported that diarrhoea]
disease prevalence in children under three years was similar in rural and urban areas,
with one child in six experiencing diarrhoea during or just before the survey."'" The
same study found that children's nutritional status was worse in rural areas. As a
result. diarrhoea may be more severe in rural areas. Differentials in access to health
care between urban and rural areas are also likely to play a role.
In urban areas there may be higher levels of environmental faecal contamination
because of high-density populations living without adequate sanitation facilities. In
addition, the much higher reliance on piped water supplies in urban areas may
represent a higher risk of common source water-home disease outbreaks. Events in
Bangladesh and elsewhere have however, shown thedevastating effects of chemically
contaminated groundwater for large rural populations.
The evidence presented in this short review is subject to many methodological
difficulties. Some of these arc described in the following section.
Assessment methodologies and difficulties
Most of the. difficulties in assessing health impact have been summarised
elsewhere.'" The majority of the epidemiological studies investigating thc
relationship between water supply, sanitation, hygiene and health are observational.
This means that many of the factors that affect both exposure and health outcomes are
not controlled for in the design of the study. For instance socio-economic status is
strongly related to health status. It also often determines access to water supply.
Another difficulty is recall bias. Many of the studies rely on mothers or guardians of
young children recalling episodes of diarrhoea over periods of up to two weeks. It
appears that recall over periods loneer than 48 hours is unlikely to be accurate. The
choice of health outcomes or indicators used can also pose difficulties. For instance
in the case of diarrhoeal disease, -thef& is rid accepted -ständardised definition of.
diarrhoea.
The choice of exposure under study is also extremely important. Many studies look at
water quality as this is relatively easy to measure and because many researchers have
started from the assumption that water quality, rather than quantity and hygiene, is the
key determinant of health impact. However, they do not always fully acknowledge
and desien for the multiple causes of diarrhoeal disease. Studies often only look at
one part of a relationship between water supply or sanitation and health and as such
can not allude to the full impact upon health. For instance, looking only at water
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quality discounts the existence and impact of secondary transmission from water-
washed routes. Similarly, not enouth studies investigate each of the steps within the
casual pathway such as: use of certain facilities leads to exposure to pathogens and
that in turn exposure to these pathogens leads to an identified health outcome.
Commentators have highlighted such shortfalls of epidemiology in determining true
transmission routes.'
The body of scientific evidence illustrates that a large number of factors influence the
health impact of services. The variety of specific local conditions in which studies are
carried out makes it difficult to generalise the results of individual studies.
Monitoring water, poverty and health
The WHO / Unicef Global Water Supply and Sanitation Assessment 2000 has
provided a vastly improved methodology for monitoring national service coverage
levels." The data contained in the report provide a consumer-based picture of
service coverage. This is an improvement on the previous supplier based data
provided by national Ministries of IkaIth as reported by WHO. Data for national
percentage access to water supply is used as part of the Human Development Index.
As such access to water supply is accepted as a proxy for poverty. Information
collected at national level from population-based sources such as the nationally
representative Demographic and Health Surveys is able to inform us of progress
within and between nations.
There is also a wider need for sub-national data to inform local actors of factors
relatim2 to access to water supply. Local information is needed to inform local actors
and service providers of service gaps and needs. The information needs of
municipalities may be very different to those of advocacy groups wishing to increase
awareness of water supply issues.
Community based monitoring of water supply and other environmental services using
indicators have been tested in different settings.'" It has been found that scientific
and / or health related evidence is not often an important factor in decision-making
around provision of services.
If access to water supply is the best indicator of poverty, then health impact is closely
related. When monitoring the health impact of water supply, factors such as distance
to source are a good indicator as it provides an idea of how much water is used by the
household. This will include both drinking water and water for washing and other
domestic purposes. The amount of water available for washing and hygiene is very
important in breaking the cycle of faecal oral disease transmission. For diarrhoeal
disease. when looking beyond solely water supply, attention needs to be focused on
access to and use of sanitation, handwashing practices and disposal of children's
faeces.
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The potential for using Object Orientatedapproaches
for data modelling and storage in the water sector,
with particular relevance to thedevelopment and
testing of the Water Poverty Index
Dr C. R Jackson, British Geological Surse)
& Dr C A Sullivan, CEll Wallingford
1. WATER RESOURCES MANAGEMENT
1.1 Objectives
Given the pressures on water resources there is an obvious need to manage them so
that they arc not degraded. Environmental management becomes more important as
the demand for water rises. It encompasses two separate hut related aims. The first is
to minimise the adverse impacts on and maxirnise the benefits to the environment.
This requires that, whether developing a water resource or disposing of waste, the
system should be managed to maintain or preferably to enhance the environment. The
second aim is to minimise impacts on and maximise benefits to the resource itself.
These aims must be balanced against the need to provide water for human
consumption. Though conflicts arise, it is often through consideration of the needs of
the environment that improvements in the water resources are identified. The rigour
involved in the consideration of environmental impacts prompts the discovery of new
and improved solutions.
The recent legislative act of the European Parliament. the Water Framework
Directive, establishes a framework for the management of the water environment and
is set to overhaul the management of the water environment in the UK. The Directive
encompasses the aims described above and identifies an approach for the sustainable
management of groundwater and surface water bodies. It specifies that strategic
management plans must be defined for each river basin. This involves the detailed
analysis of the pressures on water bodies and an assessment of their impact. A
principal component of this assessment is the characterisation of surface-groundwater
interaction. With regard to this specific task, numerical models will have an
important role in developing the understanding of river-aquifer interaction. The
framework also provides an opportunity to integrate all the components of the
hydrological cycle. This will require conceptual models of groundwater systems to he
extended to include the overground components of the hydrological cycle.
	 — —
The approach of analysing individual components of the hydrological cycle in detail
whilst broadening the system under consideration is important when considering the
aim of sustainable water resource management. However, (he representation of large
systems by numerical models in which individual components are described in detail
is currently a difficult task. However, a relatively new approach for the development
of environmental modelling software offers the potential to construct numerical
models that represent real world systems more closely.
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1.2 Understanding of needs
Current simulation models of environmental systems are generally difficult to
maintain, modify and integrate. However, advances in computing technology have
resulted in the capability to develop numerical simulation models (hat can closely
resemble the conceptual models of environmental systems. With regard to the need to
construct models of extensive systems. such as coupled surface water-groundwater
systems, the object-oriented approach offers many potential benefits. The approach
enables models to be built on a framework of discrete components that represent
individual features of real world systems. For example. by decomposing the features
of the hydrological cycle into separate entities, complex models can he developed
which are clear, easily modifiable, flexible and efficient. By hiding the complex
behaviour of individual hydrological features in discrete objects the approach enables
the development of models that morc accurately represent hydrogeological systems.
Much of the commonly applied groundwater modelling software is now based on
outdated technology. The object-oriented approach can now he used to develop better
modelling and management tools. .
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2. REQUIREMENTS FOR GROUNDWATER MODELS
Sustainability of a groundwater resource is linked to both the quantitative
development of that resource and the protection of its quality. The consideration of
the long-term is central to the principle of sustainahility. however, the management of
a resource is a dynamic and continually changing process. This is because the quality
of a groundwater resource is affected by human activity though the hydrogeological
setting and the climate determine the extent to which an action aff...cts the quality of
Groundwater.
Management schemes have to change as a resource is developed due to the fact that
groundwater systems are complex and their behaviour is nonlinear. However, the
development of a scheme assumes that the factors influencing such impacts are
understood. In order to manage the exploitation of agroundwater resource knowledge
of these processes and their controls is essential. Without this, water resource
engineers cannot make informed judgements about what action should be taken to
manage the system for the benefit of both water consumers and the environment. One
method by which a better understanding of the behaviour of a groundwater system can
be gained is through the use of models. Models arepowerful and widely used tools to
investigate the behaviour of water resources systems in general and groundwater in
particular. A systems analysis approach and the useof models are invaluable in the
assessment of a sustainable management policy for agroundwater resource.
In groundwater resource management a model may be described as any device that
provides an approximation to a field situation. Models have a number of purposes but
these can generally be broken down into three categories. First, they are used as a
tool to interpret a system. for example to improve the understanding of the flow
within an aquifer. This often leads to a rapid identification of the need for data in
areas where little exists. They are used for prediction, which is essential for water
resource planning, and may form the basis of a decision making framework. Finally,
they are used to investigate hypotheses, for example, the mechanism of river-aquifer
interaction.
The development of digital models has allowed thenumerical simulation of complex
real world aquifers. Once such a model has beencalibrated, through comparisons
with historical hydrological data, it becomes a valuable tool for the prediction of the
future behaviour of an aquifer under different stimuli.
2.1 Modelling objectives
Groundwater models fulfil several importancroles-in-hydrogeology.- -They provide a
framework within which improved understanding of physical processes takes place,
they allow practical problems, such as resource allocation, to be addressed and they
are an expression of what is currently known or assumed about an aquifer. Models
are of fundamental importance in testing our understanding of aquifer systems. They
provide the only means by which novel mechanisms can be examined quantitatively
and confirmed or rejected on the basis of field evidence. Consequently, it is important
that the model's design allows new processes to he formulated and added to existinu
models.
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In the field of hydrogeology, scientific advances are made along a variety of paths.
On might be termed the analytical route where a theory is explored by experiment
leading to its adoption or rejection. There is also a contribution to be made hy
synthesis where information and technologies from different fields are harnessed to
produce a unified view of some phenomenon. The development of models and their
application to scientific and engineering problems falls into this second category.
As models move from development and use in research, they become the day to day
tools of hydrogeologists engaged in the operation and management of aquifer
systems. This process has highlighted the deficiencies in some modelling approaches
and heightened awareness of the need for further development. In order to evaluate.
which, if any, areas of a modelling_ methodology should be improved the following
list of objectives might be considered. These are predominantly related to the
development of a better regional groundwater model, with which this business and
scientific case is concerned.
I. Does the model represent the hydrogeological mechanisms accurately and at the
correct scale?
7 . Does the model provide a framework that is adequate to improve the understanding of
physical processes?
Does the model facilitate the evaluation of practical problems satisfactorily. for
example resource assessment. the definition of borehole protection zone and particle
tracking?
Does the model incorporate the required mechanisms/processes?
Can new mechanisms he incorporated easily as advances in the understanding of the
physics of groundwater flow and solute transport are made? Is it extensible?
Does the model provide a satisfactory framework for research?
Is the model a sustainable platform for the future development of groundwater
modelling over the medium to long term?
S. Can a model be modified rapidly and easily without changing the basiccode'?
Can areasof interest be added and removed dynamically? Is it flexible?
Is the model user and developer friendly?
II. Is data stored and managed satisfactorily by the model?
Is it easy to interrogate, manipulate and visualise the results?
Is the model efficient? Could advances in software development enable more
detailed simulations to be run within a given time or cost budget?
Can new software development methods improve the representation of the
hydrogeology within a model and improve its efficiency, flexibility and
maintainability?
When considering the current state of groundwater modelling, the answers to many of
these questions illustrate that significant improvements could be made to existing
regional groundwater models. This is highlighted in the next section where a number
of the deficiencies of current models are described.
2.2 Current deficiencies
Whilst the power of desktop computing has increased enormously in the last decade,
with the exception of user interfaces, groundwater modelling technology has shown
no significant advances. As described in more detail in the next section, currently
most groundwater models are written in structured procedural programming_
languages, such as Fortran. In this approach the design of the model is based on the
identification of the algorithm. The algorithm specifies the sequential steps that must
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be taken to achieve some result. In procedural programming the algorithm, or the
models functionality is assigned significantly more importance than the data on which
it acts. Consequently, many data are made common, which means that they are
accessible to all parts of the models code. This means that great care must be taken
when modifying the code. for example to implement a new mechanism.
The fact that data can permiate through much of a procedural program has serious
consequences for the extensibility, modifiability and life expectancy of the code. For
example, when a better description of a physical process is obtained, it is important to
correct its representation in the model. Changes can also be required to test
hypotheses about the operation of a particular physical mechanism itself.
Unfortunately, it is often difficult to do this in existing groundwater models because
data commonality means that alterations can transmit errors along a number of paths
through the code. Consequently significant pehods of testing are required to
revalidate the model. Furthermore, because of the sequential nature of the majority of
groundwater models a number of operations are performed at different locations
within the code, which relate to a single mechanism, for example river-aquifer
interaction. This repetition of similar tasks at different places within the program
again complicates its modification when a new mechanism has to be incorporated in
the model.
The new approach for the development of a regional groundwater model proposed in
the next section of this document will eliminate many of these problems. By
minimising the dependencies between parts of the code, it is envisaged that a model
framework can be developed which focuses on mechanisms and not data. By
localising effects within discrete areas of the code it will be significantly easier to
modify or incorporate new hydrogeological mechanisms without causing errors in
other parts of the program. Modelling practitioners will then be able to investigate
mechanisms more easily instead of just modifying parameter values.
In addition to the lack of emphasis on mechanisms in current groundwater models, the
representation of the geometry of hydrogeological units is difficult within the
framework of a layered finite difference model, represented as a continuous three-
dimensional array. Because layers have to be continuous across the model domain it
is difficult to represent spatially discontinuous features. For example, the vertical
shift in hydrogeological units across a fault, sinuous alluvial deposits in river valleys.
spatially variable glacial drift cover and the thinning out of sedimentary layers are all
example of spatially discontinuous hydrogeological features that are difficult to
simulate.
An essential feature of a groundwater flow model is an ability to represent the aquifer
features at different spatial scales. This is necessary both to focus on regions where
there is particular interest and to maintain accuracy where the solution is highly
variable. Because the behaviour of a numerical solution depends on the physical
properties of the aquifer the hydrogeology must determine the discretisation of space
and not the numerical technique. Unfortunately conventional finite difference
methods have difficulty in fitting the mesh to the hydrogeology. Consequently.
models generally contain additional nodes in regions where there is little interest and
where they are not required for accuracy.
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Telescopic mesh refinement is used to simulate aquifers more efficiently. However.
this method has a number of drawbacks and is not always applicable. Whilst the
method reduces the number of nodes involved in simulating an aquifer. the gains in
computational efficiency arc moderated by the need to determine boundary conditions
for embedded models. It is often stated that thc rapid gains in computing power and
its reducing cost negate the requirement to improve the efficiency of numerical
techniques. However, the demand to model more complex problems increases in
parallel with improvements in computing. Consequently, novel methods to more
accurately and efficiently simulate aquifers remain of benefit. An example of this is
the need to be able to simulate the effect of groundwater abstraction on river flows.
Cunently. it is difficult to simulate in detail groundwater flow to wells and their
influence on rivers or wetlands. It is envisaged that the approach proposed in the
following two sections can address a number of.these issues.
An important development in the field of geosciences is the application of database
technology and graphical information systems for the storage, management and
processing of data. These techniques offer significant benefits to groundwater
modelling but it is only recently that they have been applied. The major benefit they
offer is the capability to separate real data from models. Currently, this is not the case
and significant amounts of information are bound up in individual models. For
example, consider the spatial variation of hydraulic conductivity within an aquifer
system. Information on this parameter can be obtained from a number of sources, for •
example from pumping test analyses, laboratory experiments or previous modelling •
investigations. This data is generally gathered by the hydrogeologist and transferred
directly into a groundwater model. Parameter values are assigned on the model grid. •
which then acts as the store of this information. Consider then, that another modeller
either wishes to construct a model which covers part of the area of the first or wants to
modify the structure of the previous model. Because the model contains no
information relating to the source of the data on which it is based, the user cannot be
sure of its quality. Consequently, it is usually the case that the primary data must be
collected again and re-examined. If the first model is to he modified. for example by •
refining the grid in the region of an abstraction borehole or river, new parameters
values will have to be assigned manually. The drawback is that data is grid dependent
but the grid is a feature of the model only and not reality. A better approach would he
store data separately from the model and then allow the model to interrogate the data
during its construction or modification.
In addition to data input, there are problems associated with the processing of model
output. This has in part lead to the development of graphical user interfaces (GUIs).
which facilitate post processing. In part the problem is due to the complexity with
which model results are output during a simulation. For example, considering
MODELOW. the most commonly applied regional groundwater model, much of the
output data is written in a binary format. The development of a suite of graphical user
interfaces by commercial companies has simplified the post processing of this data.
However, many of these still do not allow the rapid and simple interrogation of the
raw data, which is often an important requirement. Consequently, individual
modellers commonly spend time writing bespoke pieces of code to extract
information from binary output files. The need for such interfaces could be
questioned given the abundance of more generally applicable very high quality data
processing software that is routinely used by hydrological modellers. These general
Cl• I Wallingford '002
Appendix 9.9
software packages, such a spreadsheets. GIS packages and visualisation software are
generally superior to those contained within an individual GUI. Their use could be
facilitated by presentinc2 model output in a clear, transparent and format independent
way.
The object-oriented paradigm is a relatively ncw and powerful approach for
developing software. In particular it oflers significant benefits to the accurate
representation of physical mechanisms in models. It can also greatly simplify thc
maintenance and development of a model as the understanding of the physics of
groundwater flow improves. This is because real world objects are modelled by
computational equivalents. Because objects are discrete and encapsulate their data
and functionality it is easy to alter their behaviour without affecting other pans of the
model. For example, both a river and an aquifer may be treated as objects. The
objects may incorporate complex processes and it is only necessary to represent their
interactions. This separation of concerns not only simplifies the program structure but
also more importantly allows a better description of physical processes within the
model.
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Appendix A Further discussion of the benefits of the object-oriented
approach
Most groundwater models are written using procedural programming languages.
Procedural programming is the forerunner to object-oriented programming. In this
earlier method the system is decomposed into a seriesof operations that act on data.
the most fundamental of which is the program statement. Consequently, the
development of a procedural program involves the identi fication of the steps that are
required to achieve some result: that is, the identification of the algorithm. In this
approach, the data is separate from the procedures that act upon them and the
important programming task is to ensure that the operation of the procedures is well
understood. This means that thc data should not be altered unexpectedly.
As procedural programming was applied to more complex problems it became
difficult to understand the code and monitor the effect that procedures had on the data
(Ponnambalam and Alguindigue. 1997). This drawback spawned the development of
structured programming based on the concept of functions. In this case thc program is
simplified by breaking it down into smaller subprograms, each of which performs a
subtask of thc overall algorithm. The principle is one of divide and conquer. Any
task that is too complex is decomposed into a set of functions, each of which is
sufficiently small that it is easily understood. Structured procedural programming has
bcen and still is a commonly used and successful approach for dealing with complex
problems. This is particularly true for numerical computation applications. However.
as Liberty and Hord (1996) state:
"... some of its deficiencies beccune all too clear. First, the separation of data
from the tasks that manipulate the data became hartler and harder. It is. natural
to think of your data and what you can do with Will' data as related ideas.
Second, programmers alien had difficulty structuring a program to solve a
problem while solvitig the problem at the same time. It was a classic inability to
see the forest for the trees. Instead of solving problems, they often spent their
time reinventing new ways to fit the problem to die structure."
The problem of the creation of a maze of algorithms when modelling complex
systems spawned the development of the object-model. This is based on the principle
that it is natural to think of data and the tasks that can be performed on that data as
related ideas. Object-orientation is described by Khoshafian and Abnous (1995) as:
"... the software modelling and development disciplines that make it easy to
construct complex SyStems from individual components:—
The intuitive appeal of object-orientation is that it provides better concepts
and tools with which to model and represent the real world as closely as possible.
77w advantages in programming in data modelling are many.-
Conceptually object-orientation is based on the principle of abstraction to deal with
complexity. Through the use of objects, which contain both data and the functions
that operate on it. complex systems are decomposed into separate. discrete units. The
maze of algorithms all acting on the same data that arises in procedural programs is
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transformed into a system of objects each with its own well-defined behaviour.
Through the use of abstraction computational objects are designed to represent objects
in the real world: a major advantage of the programming paradigm. Not only can
classes, the templates for objects, be defined to have a similar structure to features in
reality but they can also be designed to be manipulated in the same way.
The correspondence between user defined classes and real world objects also
simplifies the translation of a problem from the design stage into a program. This is
because a more consistent language can be used over the development life cycle of a
program. Collaboration between the eventual users and the model developers is made
easier because both can consider the same objects. Even though each group visualises
the mechanics of an object differently, the use of a common language allows the
parties to consider its behaviour jointly. This results in the development of programs
that better fulfil the requirements of users, be they groundwater models or not. As
Khoshafian and Abnous (1995) state:
"Object-orientation provides better paradigms and tools for interacting easily
with a computational environment, using familiar metaphors."
(2. Wallinghwd 2002
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Appendix B Literature review of object-oriented groundwater research
A number of investigators have used object-ohentation to improve the
implementation of numerical methods for solving groundwater flow problems.
Desitter et al. (2000) examine the use of object-oriented techniques to overcome the
problems associated with procedural programming methods. They state:
"Object-oriented programming and modern code development now enable the
construction of a new generation of environmental modelling systems that offer the
possibility of an open, easily maintained and easily extensible framework for code
development. The speed at which new models can be developed or upgraded can be
significantly increased by object-oriented programming and the confidence that can
be placed in such codes is also higher as the basic building blocks are subjected to a
greater degree of scrutiny."
They illustrate this by developing a generalised framework of hnite element objects,
which can be adapted easily to solve different systemsof partial differential equations.
They apply the model to solve Richard's Equations for unsaturated flow in one and
two dimensions and use it to show the complexity of the code which can be developed
in a short period of time.
Krabbe and Matheja (1997) develop an object-oriented framework for the
development of a distributed transport model using the random walk method. To
overcome some of the problems associated with the random walk technique the
investigators propose the use of a significantly increased number of particles. For
example, they state that meaningless concentrations may appear in parts of the models
area with low particle numbers. To facilitate the management of a large number of
particles they develop an object-oriented framework to manage the random walk
process using multi-threading: a method by which computational effort can be split
between multiple processors.
Tucker et al. (2001) also present an object-oriented framework for the simulation of
hydrologic and geomorphic systems. They describe the representation of elements of
a triangulated irregular network and their associated polygonal cells as objects. These
are used to solve partial differential mass balance equations to simulate, for example
groundwater flow. They state that the object-oriented approach provides an efficient
means of both storing and interrogating the triangulation network. It is also
concluded that the strategy enhances modularity and portability and has the potential
to reduce software development time.
An organisation that has started to develop object-oriented models for the simulation
of large regional surface-groundwater Syl4fenTS—is—tlie"-SCRitli—FlOrida 'Water
Management District, US. Larrondo-Petrie and France (1995) describe the
application of object-oriented analysis in the development of a framework for the
incorporation into the South Florida Water Management Model. This analysis is
performed to describe the mechanisms, terminology and interactions contained in the
current suite of models that are used to simulate surface water and grotindwater water
flow and quality and ecological processes in the area.
The motivation for the work is described by the investigators and is relevant to the
development of a generic regional groundwater model proposed here. They state:
C711 lord 2002
Appendix 9.9
The current simulation models [for the South Florida Water Management
District] arc difficult to manage and maintain. New developments in technology and
methodology, such as object-orientation, distributed processing. Graphical
Information Systems (GIS), visualisation techniques, graphical user interfaces (GUI),
electronic information sharing through the Internet and increases in storage and
processing power. warrant the efforts to develop a comprehensive hYdrologic regional
simulation model. In doing so. the integration of other District and external models
will be investigated to eliminate duplication of effort, increase usability and usage and
make results more consistent and accurate.
1-laitjema (1999) discusses the inception of a group of groundwater model developers
who are investigating object-oriented methods. The group are examining the adoption
of a set of standards for the construction of analytical elements objects, for example
line sinks, used in the analytical element method (AEM) for groundwater flow
simulation. One of the advantages of the approach is the ability to allow individual
developers to more quickly implement a new model design through the use of the
resulting well tested low level components: the analytical element objects.
In addition to the development of object-oriented models to improve the
implementation of numerical methods, a number of investigators have used object-
oriented techniques to develop frameworks for the coupling of software components,•
for example, the coupling of a river basin model with decision support system
(Reitsma and Carron. 1997) and the construction of tools for data management.
visualisation and modelling of environmental systems (Bethers et al., 1998: Jacob.
1999: Sydelko et al., 2000).
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The Water Poverty Index; A National Approach
Peter Lawrence, Jeremy Meigh and Caroline Sullivan
The full text for this background paper is contained within Appendix 1.5
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Derivation and Testing of a Water Poverty Index
Contribution of the Commonwealth Science Council
Siyan Malorno and Silencer Mapuranga
Executive Summary
There is now a global concern about the availability of water for man, food and
sustainable management of ecosystems in the next millennium. Global availability of
fresh water per capita is steadily decreasing as population grows and water resources
development has reached a ceiling in many countries. Some countries are already
facing water scarcity and have had to resort to extreme measures to augment fresh
water resources. Until fairly recently, water was considered to be an inexhaustible and
cheap resource. This false notion has led to wasteful and inefficient practices in the
use of water. Reduced availability of water has been the trend of much of this century.
The global population is projected to increase from the present 6 billion to nearly 8
billion in 2025. More than 80 percent of these people will live in developing
countries. FAO estimates that more than 230 million people live in 26 countries which
are classified as water deficient, of which I I ,are in Africa. This number is likely to
increase if the current pattern of water usage is.continued unabated.
Currently about 1.3 billion people. nearly a quarter of the world's population. live in
extreme poverty. Seventy percent of these people are women. They usually do not
have access to adequate water and sanitation (see Eliminating poverty: A challenge
for the 21m Century DFID 1997). The linkage between poverty and accessibility to
water is generally known especially as it relates to health. The link between water
scarcity and poverty nexus, i.e. water poverty, requires further examination.
Water stress leads to many socio-economic difficulties. These include less water
available for food and fibre production, drinkino water, sanitation and industrial
development. The overall impact is reduced standard of living, lower quality of life,
and less disposable income, especially in rural communities.
These factors lead to social and economic upheavals of rural communities, migration
to urban areas, and increasing poverty in both the rural and urban areas. Low levels
of national development, unemployment and poverty are some of the factors
contributing to political instability. Another implication of water stress is that
countries with riparian waters tend to be in dispute over the sharing of this riparian
resource. There are conflicts over the sharing of riparian waters in many parts of the
world.
Needfor Action
The report on water scarcity (Water for Food and Rural Development) presented at
the recent second World Water Forum, Hague 7000 hiohlighted the countries that are
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facing imminent water shortages, those that will face shortages by 2025. and also
those, which are relatively. water rich. Thc report showed that most of the water rich
countries arc in the developed world, especially North America, pans of Western
Europe and Scandinavia. Countries that are in gravedanger of freshwater availability,
especially between now and 2025 are mainly in the developing world. The countries
which will be most affected by water stress within the next 25 years are located in the
Middle East. North Africa, pans of East and Southern Africa. Central Asia. regions of
China, parts of South America and South Asia. Many of these are Commonwealth
countries.
Generally few strategies exist to help policy makers and planners tackle the water and
poverty link in a fundamental way. There is a pressing need for indicators that are
developed on water scarcity and poverty nexus i.e water poverty
There are several water-stressed countries within the Commonwealth. Water poverty
is currently affecting the development of these countries, and will continue to do so in
the foreseeable future. Commonwealth countries facing water poverty need to think
about the impact on their economy and social fabric, and start on a path to dealing
with the impacts.
Commonwealth Action
As a follow-up to the second World Water Forum, Hague, 2000 a number of
initiatives arc being implemented towards identifying the causes of world water
scarcity and the extent such water scarcity is directly linked to existing and potential
poverty. Commonwealth Science Council (CSC). London and the Brace Centre for
Water Resources Management, Ste. Anne de Bellevue, Canada organised a workshop
to discuss the issues of water poverty and scarcity. The objectives of the meeting inter
alia were:
To promote understanding of the water availability - poverty nexus and the
long-tcrm implication for the elimination of poverty.
To develop a framework with which countries and institutions can respond to
water poverty issues.
To sensitise governments on the need for effective water conservation and
demand management practices in order to avert future water crisis.
To provide hands-on-training, to professionals and policy makers, in ways of
considering water poverty issues as.p&trt_ofoverall ,tipproaches to elimination
of poverty
To provide a forum for the exchange of ideasand to set up a Commonwealth
Knowledge Network (CKN) on water poverty.
At that workshop. a paper was delivered on the topic of the development of a
Water Poverty Index. (Sullivan, 200011). Following the workshop. the CSC joined
I I Sullivan. C.A. (2000) The Wawr Poverty /mks. Keynote presentation at the CSC/Brace Centre
conference on Water and Poverty. Montreal. June 2000.
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several national and international agencies and experts to work on a project to develop
an index of water poverty and scarcity.
The Commonwealth Science Council, in collaboration with the Gender Affairs
Department, is working on deriving and testing of a Water Poverty Index that can be
used for measuring the extent such water scarcity directly relates to poverty. The
derivation of this index is involving the establishing and testing of various models of
water deprivation and the resultant influence on other economic and healthy
problems. Three sites. Tanzania. Sri Lanka and South Africa are being used as pilot
centres and the'se are providing a wide spectrum of factors that are causing water
related poverty: gender mainstream issues. infrastructure capacity constrains.
economic variables, usage conflicts, and water supply factors.
The main focus of this CSC exercise is to provide a generic index that will enable
policy makers, water users and other stakeholders with an easy to use tool for
assessing the degree of poverty caused by water access constrains. This index is
critical in the evaluation and comparing regional differences and variables that arc
significant in each geographical area; and it would be a key index to complement the
development problems derived through the Human Development Index.
The commitments on the proposal requires that the Commonwealth Science Council
(CSC), through its extensive network of direct contacts with governments,
institutions, personal experts and NGOs participate in the WPI project in the
following ways:
I. contribute to the development and conceptualization of the WPI
7. provide inputs on components of a suitable index of social deprivation
(similar to the Jarman index used in the National Health Service)
use the Commonwealth Knowledge Network for dialogue, discussions and as
a strategy for dissemination of the results.
Possible assistance with small amounts of translation if needed (through
networks) provide support for local workshops and some support for
developing countries participants in pilot studies.
The Gender Affairs Department of the Commonwealth Secretariat will carry
out gender sensitisation and analysis. It will use the Commonwealth National
Women Machineries to support the pilot studies and help to ensure adequate
gender sensitivity.
Items I. 2 and 5 are described as current activities in this report. Items 3 and 4 will be
implemented in the dissemination Phase I and as well as in other phases.
This report is a summary of the CSC contribution to developing the index. It describes
the remit from the group of partners to the CSC and then describes some approaches
to developing an index and later demonstrates how to developing a simple index using
a commonly used index of deprivation —the Jarman Underprivileged Area Score.
Section I of the report describes models that can bc applied in the derivation of thc
WPI, and section 2 proceeds to apply one particular technique. the Jarman
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Deprivation Index CIO, on data from Tanzania. The third section (3) brings into the
WPI debate the gender dimension of water poverty. As part of the ongoing exercise
the gender issue should be integrated in the overall analysis of the water poveny
challenges in developing countries.
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Section 1 Water Poverty Index Models
Introduction
This report follows from the summary of the reports of the Arusha and Wallingford
meetings. The report provides information on the sources of basic data and general
information usable as input variables in the development of the water poverty index.
It caries out a critique of the proposed models and considers a methodology for
deriving a composite measure of water deprivation, which is at once generic and
The identification of social factors has been described in the context of the WPI
poverty models as discussed in thc various meetings, including Arusha. The four
models analysed and examined on the basis of sensitivity and robustness are the:
I. Composite (Multivariate regression) Index approach,
7. Matrix
Time series 0.measurement, and
Jarman Deprivation Index approach.
1.1.1 Composite (Multivariate regression) Index
This approach is similar to the Human Development Index (HDI) published annually
by the United Nations Development Programme in the annual Human Development
Report. It is based on aggregation of data from several social variables and it is easy
to apply. Its simple in approach, and can be expanded to include more variables or
their combination. It is however difficult to apply in lower level comparison of
poverty, especially where household water poverty indicators should be input into the
formulation of strategic water poverty alleviation policies.
In simple terms the water poverty index is depicted as a function of a number of social
factors, as indicated below.
WPI*=F(wA+wsS+wt(1-T)/N
A=Adjusted water Availability as a %age of GW+SW+ USAGE
S=Population with access to safe water
T= Index to indicate time and effort to cellect water. Could be modified to take into
account gender issues
Irv; wa arc weights given to each component of the index and they all sum to
unit y.
Higher WPI= lower degree of water stress: i.e. less water poverty
Most of the factors used on this model can be computed from national censuses and
dummy variables could be applied in dealing with particular attributes e.g. gender.
The weights applied in the variables are subjective except where they are based on
empirical calculations. Therefore weiltts based on correlation of factors to variables
should he applied in order that area specific differences of impact of factors can be
captured in the computation of the WPI.
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1.1.2 The Matrix
The Matrix is based on an overall resources gap between two major dimension of
water related poverty: the gap between CAPACITY to generate adequate water and
the basic water requirements (USE): and the social limitations impeding ACCESS to
AVAILABLE water.
This is simply stated as
WP/=(C-U) + (A v-Ac).
This could be an important water poverty index if its focus is to measure the
differences in the degree of deprivation, extent of water scarcity and intensity of water
poverty across and within regions. The data demands or computation of capacity
could be solved by defining components in economic terms, whilst use, access and
availability are captured from surveys.
It is a complex index whose appropriateness will bedetermined by the scale used and
the major concern is whether such a scale can be replicated, data permitting, in
different geographical areas (regional, national etc). The collection of or availability
of regional augreuated data or household survey data at low-level scales is a critical
factor and may demand a lot of resources.
The computation of the (C-U) component of this model can pose a problem when
used as a key input index to the composite WPI. This is because the varied capacity
measurement and water usage levels that can be derived across areas are not restricted
parameters. Therefore a simple capacity excess over utilisation is both indeterministic
and also not a reliable comparative indicator. A useful variation of the equation can be
presented in the form of:
WPI = (C/U) + (Av-Ac)
( Er ) (Pr)
This equation combines the economic resource component (Er) with a physical
resource gap (Pr). In simple terms the higher the usefor a given physical resource uap
the lower the index for specified capacity.
1.1.3 Time Analysis Approach
This is an index with very litriited coverage.Olthelindamental socIal issues-that hive
impact on water 'access' poverty. It is not multi-dimensional and given the varied
water-point distance and volume parameters across regions and nations the weakness
of this approach is clear. On the framework of a superior GIS based data collection
and factor diaunosis this time -based computation of WPI could be difficult.
1.1.4 Water Deprivation (Jarman ) Index
This approach is a combination of the GAP and the reverse of the HDI approaches. It
integrates practical experiences and expert opinion into the weights of indicators. It
has the advantaue of simplicity and also draws attention to the distance a country still
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has to travel in order w reach the water access 'standard' per regional area. A major
weakness of the method found elsewhere is that personal values, vested interests and
bias that are applied through expert opinion.
This approach to deriving the WPI is flexible enough to allow for factor numbers and
remaining consist in results, although disparities (outliers) in data could weaken its
consistence. This can he overcome by standardising the data for each indicator.
WPI = 1/n E Iij.
where index indicator lij for each variable is defined as follows:
lij = MS)/k-(Xt)
Max(X4)/k-Min(;)/k
Deprivation levels will range between 0 and I. A more simplistic alternative to the
computation of the WPI is the Jarman Deprivation Score method. This has similar
indicator approach except that it does not involve standardisation by number of
variables. Its formula is as follows:
WPIi=Jarinan Index= E vr.t.oci
- The Jarman Deprivation Index is an area-score whose value can range between 0 and
100%. This model is considered appropriate for discussing water poverty
measurement because it produces multidimensional results. Its application in real life
situations is described in the second pan of this report (pages 8-13).
1.2 Data and variables operationalisation
The criteria used in selection of variables covered four data measurement
requirements:
Availability of national robust data for regions:
Interpretability;
Coverage of the domains of water scarcity (deprivation) as defined in Arusha:
and
Avoiding double weighting by indicators.
This approach is open to inclusion of numerous indicators and their contribution to an
overall analysis of social factors that seek strength and depth of a generic WPI. This
can been augmented by an examination of the structures of the underlying
components of the indicators, through correlation and multiyariate analysis (factor
analysis and PCA) that focuses on a single-factor solution.
Given the limited small area data in developing countries the more robust approach is
to seek a commonality of evidence across numerous indicators in the assumption that
water poverty will he captured by the social factors
Ci.:$ChM WAlingfold 2(X)2
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1.3 Variables and Factor selection
Based on the water scarcity dimensions that were agreed in Tanzania eight factors
were identified from statistically sianificant variables that are deemed associated with
water poverty. Table I below gives a summary of the factors and components applied
on each WPI model.
Table 1 SST/ Factors and components
Weight* MN GAP Matrix Time- Mfrariate
Anal •Us
Factor Variable
Time Distance NI g NI V
Transport V Ni Ni g
Volume I V
Household Gender NI %
Age
Usa c Domestic \
Ecosystem Nif
Agr. Irrig. g g
Industry N V V J
Season Dry/Wet g g
Duration \I Ni N./
Ca acitv Physical G. reliaNlity V V
S-reliability NI g
Adj-availab V
Social Political N I V 4
Technology \ NI
Behaviour Harmony \ V
S- V
ownershi
Source B-hole V  J \I
Hsc-conneo V V NI
S-pipe NI g Nif
Pub-pipe g
P-spring
_I____
P- well \I NI
Gender Pm Divide Water- J J
Tinte
S/6= surface and ground water: B-horc= Borehole supply: S-owncrship= water source ownership
ilse:conne= llouse connection: S-piper Standpipe: Pub-pipe=.Public-StandPik- - — " .. -
* Weighting of the variables is based on their correlations with respective factors
The table above presents a somewhat comprehensive list of factors, some of which
have been used in developing a WPI usine the Jarman approach as described in
sections 11 to 7.4 below.
© chit Wallingford 2002
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Appendix 9.11
Section 2 The Jarman Index Approach: Application of Deprivation
Scores in Water Poverty Index Derivation
Introduction
There is agreement that deprivation is generally a multi-dimensional concept.
However there are conceptual disagreements over thc use of particular indicators of
poverty. The main point of difference in approach derives from the different
objectives and models that are chosen to explain the causes of poverty. The choice of
an indicator of poverty becomes a result of a trade-off between measurability of
defined poverty and the complexity of factors that can be used in the analysis of that
poverty. Therefore any model or derivation of poverty indices has to accommodate
measurability and factor inter-linkage issues. This means we have to observe four
model elements: measurable poverty: agreed/ identifiable components; time flexible
indicators, and simplistic of application. However, added to these is the challenge of
being able to identify the deprived persons using local indicators, and also being able
to aggregate the results into meaningful national, or international figures. lt is in this
broad framework that the Jarman Index (Th seems an appropriate tool for measuring
water deprivation.
The Jarman index is social-factors based technique for measuring the (score) degree
of deprivation that exists in a specific area. This Jarman Underprivileged Area Score
was first applied in 1983, and constructed to measure factors affecting workloads of
GPs. Subsequently it has been used in conjunction with othcr methods in the
evaluation of levels of deprivation that beset a number of wards, districts and regions
in England and Wales. It is now generally refereed to as the Jarman Underprivileged
Area Score. Construction of this composite index requires a clear distinction to be
made between the problem of the population served (social factors) and those of the
services provided. We therefore observe these two conditions in using the .11
technique for the construction of the Water Poverty Index (WPI). The Jarman Index
(JI) and WP1 terms are used interchangeably in the whole of this report.
2.1 Conception and Measurement of Water Deprivation
To date there is no agreement on what indicators are best measures of water
deprivation and neither does literature provide reference to which measure is better
than the other. In selecting indicators of water poverty it is important to distinguish
direct and indirect measures. This is important in separating measures of incidence of
deprivation and measures of vulnerable groups. In this WP1 we opted to use the
'incidence indicator' because it covers those vulnerable who actually experience
deprivation. Furthermore, we proceeded to define water deprivation in a way that
divides the water poverty factors into 'first-order natural water scarcity' and second-
order 'social resource scarcity' (adaptive capacity). The simultaneous existence of
both dimensions defines water poverty. Using the adopted WPI concepts the
following four core elements have been applied in making both the water scarcity and
social adaptive capability dimensions integral to measurement and construction of
area specific WP1.
Water Availability Factor: Measured availability of water in a location. This could be
computed from survey data or through proxies such as per capita water availability.
Wa01[1014d 2002
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Data for this factor is obtainable from national census and national hydrological
statistics.
Access to Available water: This is the per capita access to available water. This
definition of water access i 2nores the purpose to which such water is used.
Capacity: This is the overall ability of inhabitants to efficiently mana2e their water
resources. Capacity embraces all 'water access' enhancing elements. This includes
household financial ability, scientific and water knowledge exchange, knowledge to
enhance management of sustainable water supplies, and infrastructure facilities for
efficient water supply and its management etc.
Ecosystem balance: This is the integration of environmental factors into the water
usa2e conflict analysis. In the background of concerted efforts to retain a balanced
ecosystem the measurement of poverty has to include the level at which water
availability, usage demands and management of its distrihution affects the ecological
balance. This is very important for areas that have high vagaries of rainfall changes.
high density of livestock in small areas leading to intensified water competition.
erosion and deforestation.
Within these four areas numerous factors can he identified for purposes of deriving
the WPI:
I lousehold access to sanitation and water within 200-metre radius
Time taken to access adequate water.
Household characteristics,
Usage competition (Domestic, Ecosystem, Aaricultural Irrigation, and
Industry,
Adjusted availability and variations duting dry/wet seasons and its
duration,
Capacity of the population to adapt/manage water scarcity challenges
(Physical, Social, Behaviour),
Source of water supply (Borehole. House connection, Stand-pipe,
Public-pipe, Protected spring, Protected well).
Gendered access to water.
Each of the above factors has variables whose components relate to more than one
factor and some of them are con-elated. For example. time to access water is inversely
related to distance to sources of water ceteris paribits: capacity to regenerate or
improve water access has elements-that also relate-to the water usage and its-social
conflict. At this point social capability issues must take into consideration factors that
arc a function of the 'water users' commitment to water supply sustainability. For
example, factors that indicate any forms of resources capture, leading to
instuitionalised water scarcity, can be built into the social capacity variables.
2.2 Construction of the Jarman Deprivation index
This construction starts from the premises that the indices are desi2ned to be
nationally comparable. In the case of Tanzania district of Dodoma the construction of
ID CFI I Wallingford 2002
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11 (WPI), done using secondary data, was designed to make the current and future
analysis achieve the following objectives:
Rural and Urban comparison within administrative districts.
Identification of sectoral deprivation within regions:
Region-by-re2ion comparisons: and
Country-by- country analysis. •
The 11 flexibility in factor substitution to accommodate national/regional/area WPI
variables is similar to other methods. Table 3 below (Dodoma) illustrates the
computations done for one reoion in the Republic of Tanzania. Results of each ii can
be displayed in any shape, i.e. diamond, hexagon. etc. depending on significance of
factors used in the construction of the WPI. The chosen level of area analysis will
determine thc shape number of factors taken into consideration or reporting matrix. In
table 4 we illustrate the various levels at which the 11approach can be used for water
poverty analysis.
As indicated in table 4 the causes of water poverty, as indicated by the derived 11
(WPI), can be analysed from different positions depending on objectives and level of
review. The advantage of using this 11 technique is that its multi-dimension structure
can enable diagnosis of the water poverty problem using village, district and national
data. For example. in the Dodoma case 11reveals the impact of each water deprivation
component and comparisons can be made on the significance of such factors within
districts and across the urban and rural divide.
2.3 Jarman Index Calculations
The procedure for determinin2 the Jarman Index is simple but requires inputs of
various types of variables. The .11(score). is simply a summation of various factor
values for each 'under privileged' area. The formula is
WPIi=Jarman Index= E ,
Where w and x are the weights and factor respectively, as applied in re2ion i.
Using the 11steps 1-5 indicated in Table 3 (Dodoma) the steps arc as follows:
Step I -?. Obtaining %age values from national census and decimalise them.
3 Obtain square root of the decimalised values.
Calculate ARCSINE for data angular transformation.
Standardise the value in 4 by the following formula:
(Kr M„)/std dev(n): where M, and M„ is mean for domestic
and national data respectively
6 Wei2ht the standard values in 5 above.
7 Sum the values in 6 above.
2.4 Description of Variables
GEL 2002
Appendix 9.11
The factors used in the testing of the 11 were based on two points: I I I conformity to
the WPI focus. 121 level of correlations among the various factors and components
indicated in Table 4 section 1.2 above. Factors used in the Dodoma were the
following
Water Access: Household units with water outside the 200m radiaus
Sanitation: Household units without sanitation facilities
Gender: Female headed household as a percent of total area population
Usage: Percentage water usage (Domestic 9%, Industry 2% and Agriculture
89%) based on annual per capita withdrawals (35 cubic metres per year
for Tanzania).
Management: Population with above level education per district and area
House-hold Assets: Proxy used was the under five-mortality rate as an indicator of
family capability.
C1:11 Wallii@orcl 2002
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2.5 Methodological Challenges in Using the Jarman Index (.11)
There are methodological challenges that must be considered in applying the Jarman
index. Deprivation indices are explicitly designed as indices of deprived areas and
index scores thus relate to area poverty. Therefore any social deprivation analysis
based on census data is not a person-by-person analysis and does not directly yield
evidence of household water poverty. Accordingfo the _II approach geographical areas
are given their nationally comparable scores of water poverty, using pre-determined
variables. In some cases variables used include not only prevalent (economic)
measures of deprivation but also variables that identify vulnerable groups (social class
indicators and gender elements). However there is a weakness in including at risk
group using pre-selected indicators. Some weaknesses include problems of double
counting and over-counting. For example. people could be included under one
component of deprivation (lack of transport) and yet also on another specific indicator
of vulnerability (women). This is partly because the later (women) is counted as if
they actually experience deprivation.
Therefore closely related to this area-based approach are two problems:
danger of drawing inferences about individuals purely on the basis of
aggregate spatial data; and
the complexity of spatial geography of deprivation.
These two challenges are important in the designing of frameworks for water poverty
analysis. For example, incidence of water poverty between men and women headed
households cannot be revealed from spatial data, and the complexity of geography of
deprivation is highly dependent on the scale at which this water poverty analysis is
viewed. This may make JI score analysis of poverty difficult. Given the absence of
small area data in developing countries the alternative approach is to seek a
commonality of evidence across numerous indicators. This is on the belief that the
very pervasiveness of key syndromes of water poverty will be identified in thc
recurring patterns of inequality to water access (e.g. urban versus rural water
The third challenge is the synthesis of the JI factor indicators into a composite index,
using a standard factor weighting approach. A number of indicator weighting can be
applied. For example the Jarman Index for underprivileged areas made use of expert
opinion. However the general criticism of personal values, vested interest and bias
remains an issue with this expert opinion approach. The alternative, participatory
survey, produces output faster and provides micro-level information on nuances of
poverty that becomes very important whcn analysing causes of poverty. This survey
data has to be augmented by further statistical analysis using techniques such as
'single factor' Principal Component Analysis. This introduces complex computation
of data in order to derive values of the variables. The maths and statistical
involvement is unsuitable to an untrained mind.
Waningi'" 2002
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Section 3 Gender and Water Poverty
Background
The current and fashionable debate on Render work is gender mainstreaming. Gender
mainstreaming seek to include Render issue not as a discrete component of
development but more as a cross cutting issues in gender and development.
Gender mainstreaming is based on the recognition that gender inequality operates at
all levels sectors in all of society, and needs to be addressed in thc mainstream. It aims
to ensure that women and men benefit equitably from all that society has to offer, and
are equally empowered to affect its governance and decisions.
Gender mainstream rather like the environmental debate seeks to use and undertake
the gender approach in all aspects of development. Mainstreaming is not only about
ensuring that the situations of women arc improved within existing frameworks as
they are largely dominated by men. It is ensuring that the development process and
frameworks are transformed in ways that ensure the participation and empowerment
of women as well as men in all aspects of life and especially in decision-making
structures
The gender mainstream management initiative of the Commonwealth Secretariat aims
to enhance and promote the participation of women on various levels of decision-
making, planning and implementation of poverty alleviation projects.
The framework for a promotion of gender mainstreaming for Commonwealth
countries was set and adopted at several high level meetings e.g. The Commonwealth
Heads of Governments meeting Durban (199), the Sixth Women's' Affairs Ministerial
Meetings, Delhi (2000).
Gender is being applied through the Commonwealth using a Gender Management
System (GMS), a holistic and system-wide approach to gender mainstreaming
developed by Commonwealth Secretariat for Government s, in partnership with other
stakeholders including civil society and the private sector. It has been applied in such
diverse areas as development planning. finance, education, science andtechnology etc
3.1 Commonwealth work in Gender mainstreaming
An example of work in the arca is the use of National Women's Machinery (NWM) in
government. identified by the Commonwealth governments as focal points to assist
the targeting of general and women's poverty. A possible b, however not too useful
approach is to extend the work to reduction in water poverty.
An another approach will be to identify constrains that directly or indirectly cause or
trigger multiple incidence of water poverty and find means of addressing them For the
latter a water poverty index that measures at once the extent of access, and at the same
time capacity will be a useful tool in gender related interventions.
C1:11Wallin:  lord 2002
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3.2 Gender and Water Poverty
A rational approach to gender and development requires that every section of the
society including the disadvantaged be considered. A possible critique of the under
mainstreaming approach is that it may not pay specific attention to the issues of
women deprivation.
The proposed Water Poverty Index (WPI) is a measure that indicates the wealth or
poverty of an area's availahle water resources for domestic needs and for the demand
of food production commensurate with the size of its population""". Whilst the
national gender empowerment policies and gender budgeting approaches provide a
framework for a macro level tool for addressing women deprivation it is inadequate.
This model of state sponsored gender initiatives requires input from analysis of key
water problem areas.
A useful starting point for a discussing of the true nature and impact of water
deprivation on women is a definition and discussion of the two major tenets of water
poverty. At this point water poverty is defined as the simultaneous existence of (I)
natural water scarcity and (2) efficient management of scarce water resources
(adaptive capacity)"‘". These two dimensions are important in the identification and
strategic analysis of plans bein2 applied in reducing water poverty. In this respect we
able to separates gender water access constrains by virtue of their origination:
environment changes (Availability and Accessproblems),
local inability to efficiently manage (Capacity and Use) the limited water
resources avai abi I it y.
The existence of structurally induced shortages in a national or regional water
management scheme, leading to denial of water accessto a specific user group, is an
example of social capacity/use problem.
Whilst various economic and social indicators can measure efficiency in water
management, women water scarcity still remains assessed by water time/trip
constructs. These are gendered focused and are presented as a proxy for measuring
time constrains to other women' economic activities. However these time/trip capture
is an imprecise indicator of women water poverty problem because the time/trip is an
endogenous household characteristics and not necessarily deterministic to level of
poverty.
3.3 Gender as a Parameter for Water Poverty Index
Gender factors that identify managerial incapacity and those that influence access to
water form two related 2roups of indices for water poverty, albeit they link
differently. At present factors that indicate increasing participation (adaptive capacity)
of women in political and regional decision units are showing_ incremental
improvements. Forty countries of the Commonwealth have achieved more than 20%
increase in placing women in areas of decision making. However the Poverty
Reduction Strate2ic Papers (PRSPs)1 of majority of these countries indicate that there
is a knowledge 2ap between the decision makimi bodies and women user 2roups.
However the CSC has not encountered disturbin2 inconsistence or major variations in
CEII Wallinviold 2002
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both factors and their relationship with local water poverty. The main factors are the
following:
I. Availability of water to women for domestic and economic activities:
/. Access infrastructure for water supply services, within economic means of
women;
Capacity of local women to mana2e the limited water resources efficiently:
Usage conflict among the four major areas: domestic. irrigation, industrial,
ecosystem:
I leadship of household; and
Exposure to education and water usage knowledae
The core elements that are measured in assessing the degree of siender focus of the
above factors are the level of Dia2nosis. Monitoring:, Public actions and Consultative
Process.
3.3.1 Diagnosis
A gender-disarregated analysis of water poverty and its causes is important for
obtaining an understanding of how such poverty can be reduced. This analysis must
include poverty incidence by gender of household, in addition to the other deprivation
indices.
3.3.2 Monitoring
To ensure success of country driven water and gender process a monitorin2 measure
can be applied. Using discrete dummy variables to indicate presence/absence of
gender elements in water. management processes enables organisations to monitor:
inclusion of gender elements in CKN programmes. The same indicators can be built •
into thc WPI components that form the gender factor. This monitoring indicator does
not show poverty but rather the consistency in the application of gender issues in the
capacity development and knowledge exchange processes.
3.3.3 Public actions and Consultathw Process
The promotion of the gender exercise. both within and outside the CSC gender projects. demands inter-
agency networking. This has been achieved through support from national science councils and their
home based government organisations. What has been important in this public relations argument is the
level the various stakeholders (poor women included) arc jointly and severally held accountable to the
gender mainstream programme. Significant in (his arca of accountability is the level empirical data is
used by each organisation in establishing priority actions. These priority action plans arc not vague
intentions but clear sectoral plans of action that relate to the water poverty reduction activities of other
oruamsations"'. CSC provides an electronic network (CKNI and Decision Support System within
which gender plans and information exchange is facilitated.
The national Poverty Reduction Strate2y Policies have indicators of how gender is being used in (he
water poverty schemes. In the CSC such gender and water poverty factors include elements of the
following:
Watei management Education
1:1 Water safety nets
C.1 Infrastructure hcilities
U (It iver nance. and
CF11Wallingford 2002
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Agriculture activities for women.
Therefore in assessing or developing a measure for local poverty these factors are
serving as sectoral input that shed light into the success level of the women
empowerment programmes. However the challenge is how sectoral indices on ',ender
arc integrated into the computation of WPI.
3.4 Disaggregation of WPI factors by Gender
In dealing with the gender issues attention is given to bringing men and women to the
same level of access to water. Here there is an assumption that women need to 'catch-
up' with their male counterparts. Consequently the gap between men and women can
be used to construct disaggregated deprivation indices, using several factors, e.g.
transport facilities, access to public versus private water wells/springs etc. In the
background of the varied severity of scarcity and biased management of water poverty
issues it is therefore imperative to distinctly ascertain the incidence of each
component of deprivation and the degree to which they adversely affect women's
access to adequate water. At regional (macro) level it easy to establish the incidence
and impact of each of these components of water poverty. At individual household
level the incidence level and impact is difficult to assess''''.
Analysis conducted in several projects shows that in any geographical area there is
clear presence of difference in 'asset access' to water. This is arising from lack of
household assets such as lack of transport to fetch water. Consequently analysis of
poverty incidence does .not treat women as a homogenous group or the gender
attributes as immutable'''. However both intra-and extra household differences are
reflected in the level of involvement of women in management of water issues.
water/trip time, and water consumption above survival water requirements. Therefore
using possession of assets or lack thereof as proxies for fixing both minimum and
maximum gendered access to water per household we able to establish the range of
local deprivation. It must be emphasised that house data collection and collation for
this process is difficult. Generally the evaluation of domestic asset poverty is often
subsumed under that of the household and yet women's water poverty is differentiated
from that of men: by biased water (resource) access and distribution. This is an
element that has to be addressed.
Inevitably the estimating of the incidence of poveny using household data has been
found to have serious flaws as it understates the actual incidence of water poverty on
women. We have observed these problems in caseswhere the gender clement is not
well articulated in the surveys or when there is limited participation by the subjects of
study. Various studies have shown that there is a strong association between female
headship of household and poverty and this is common in Southern Africa and parts
of Asia where culture norms deny female resources empowerment. It is thus CSC's
approach that a gender diagnosis that deals with household analysis poverty analysis
must have a built-in mechanism for gender data collection. This data collection must
be organised to highlight key gender problems, the underlying causes of women
marginalisation in water based economic empowerment. and the relationship between
such problems and their causes.
ClEll Wallillt21.01112002
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At regional level evidence indicates that gender intervention programmes
implemented under national °ender budgets are not always effective in reaching to
reduce water poverty in women headed households Neither are some technical
assistance such as construction of dams managing to create a trigger for poverty
reduction processes. It is also argued in various seminars that national strategies
charting national policy response to gender-water equity requirements are not based
on empirical data that relates to levels and nature of the current andpotential gender-
water poverty problem This is partly because the underlying causes of existing water
poverty (natural and social elements) and the gender budgets policy prescriptions do
not include grassroots knowledge of indigenous water management capabilities of
women.
In the CSC initiatives SIWN and SIDS we seek to work with government
organisations to reduce this knowledge gap between causes of and incidence of
deprivation. For example, through the Commonwealth Knowledge Network (CKN)
funding of a Sri Lanka project hnancial support specifically targeted science projects
that dealt with involvement of women in an identified specific gender equity projects.
33 Integrating Gender into Enhanced Water Management capacity
development
There is a prevalence of (asset) structural impediments to capacity development for
water management and this is common in developing countries. This 'asset-related'
constrains to water facilities include absence of irrigation infrastructure for women,
lack of credit facilities for women that wish to embark on income generating
activities, economic endowments denied to women by lack of knowledge, etc. Water -
distribution especially in the rural areas is mainly being decided on the basis of
economic interests of the presiding male authority. These are generally endowed with
the asset resources. This can easily be identified inside 'water use conflict'
deprivation, in which the powerful have greater access to water at the expense of the
poorer sections. Furthermore gender biased constraints to access credit for other water
related projects, coupled with knowledge denial to women combine to restrict
women's ability to respond to price signals and economic opportunities. These factors
have increased women's water poverty exposure.
The envisaged use of a Water Poverty Index (WPI) stands to augments the national
budget approach. The CSC collaborative work in gender and water issues has
produced important insight on challenges confronted by number of gender and
poverty reduction initiatives that have been undertaken to date. According to CSC two
points must be advanced in the capability development through the gender/ water
initiative. These are:
women's participation in water industry based economic activities: and
gender-culture conflict in water management issues.
At the broad regional level these two factors influence the incidence of water poverty
at household level. As far as resolution of oender differentials is concerned these
factors are additional to other social oroanisation of families and cultural norms that
flovern their interactions.
0:11WallinykIrd 2002
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3.6 Gender and Culture conflict in Water Resources Management
The prevalence of men dominated organisations and their gender-water programmes
arc giving way to women managed water programmes. However the World Water
Report 2001 indicates that in some countries man dominated cultural norms still eN ist
as a challenge in the modern gender equity snuggle. The reality is that even if these
customs may not be a legal or de jure bar to water or land ownership there is a de
fiwto situation whereby a lack of clarity over ownership and rights of access prevents
women from realising the potential of farmland and water facilities. Evidence from
parts of India and some pans of South Asian, as well as those of Sub-Sahara Africa
a<Mt credence to this view and the Commonwealth Gender Mainstream initiative has
sought to solve this problem through the gender budget approach. The process
adopted in the NWM entails engaging local participation and educational networks
that do not conflict with these cultural norms but empower women to partake projects
that affect their water requirements.
Furthermore there is mounting evidence that shows that culture is an impediment to
women's free right of access to water. In some cases this is a disadvantage that is
created through the fact that some of these women rights still remain to be mediated
through men. This is inherent in the culture relations and the CSC seeks to work along
with the government programmes to reduce the culture limitations to gender
inclusiveness in water-science projects. In CSC projects we have found that gender
focusing can easily be achieved if the gender interests are addressed separately for
men and women. This is partly because in some rural settings men are usually
concerned with water access for irrigation or cattle (economic assets). The therefore
play a greater role than women do in public decision making about water and
sanitation issues. On the other hand women retain the role of collecting. use and
management of water in the household.
3.7 The Way Forward
The nature and complexity of water/gender issues under implementation in
developing countries is quite wide but very limited focus is placed on the
measurement of water deprivation as related to women poverty. In short the whole
gender debate revolves round a participatory framework of including women in water
policy issues. This could include identification of the extent of the direct relationship
between water deprivation and women's poverty. This should indeed not merely
address policy and health issues.alonc..ILmustalsoembrace.water as a.key household
factor for income-generating activities that will reduce household vulnerability to
poverty.
The establishing of a relationship between water deprivation and women poverty is a
fundamental step towards making strategic policy interventions that yield better
understanding of the underlying factors and their effect. The current policy inspired
attempts to deal with these issues has consistently escaped follow up evaluations. This
is partly because there are limited pre-determined benchmarks that can assist
implementers and project managers in the reviewing of the success/failure of gender
and water-povert y initiatives.
.,!)C1:11 Wallimilord 2002
Appendix 9.11
CSC interventions on water and gender assessment indicate that diagnosis and follow-
ups on the gender poverty and water issue is dealt with either at grassroots level but
absent at the higher implementation level. In other cases it exists as acursory budeet
issue with no input deriving from the water/poverty strategic plans from grassroots
people. Therefore the CSC argues that mere inclusiveness of women in gender-water
initiatives based on budget policies has limited effect on elimination of their relative
poverty. It is necessary that such initiatives are based on analysis of gender factors
such as management capacity development. usage conflicts effects potential,
household characteristics, and water transport/infrastructure limitations. All these
factors can form part of the gender budget input-output analysis. The CSC 's approach
of a analysis of sectoral water poverty helps in three ways:
I. identification of gender-based differences in access to water resources, leading to
prediction of the extent different household or members thereof areaffected by the
planned water-poverty interventions:
permits planners to set and measure high level effectiveness of interventions and
the strategic application of future policies and programmes: and
3. development of a network facility that allows water access information exchange
across and within members of the Commonwealth countries.
These three elements arc fundamental in the understanding of and in dealing with the
strategic gender needs, especially in addressing issues of equity and empowerment of
women. This includes measuring the access of women, as a group compared. with
men, to resources such as water.
I Wallingloicl 2002
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Why include Livestock in a Water Poverty Index?
A presentation given by John Morton
Ref King, John M.. - Livestock water needs in pastoral Africa in relation to clanate
and forage I. - Addis Ahalm International Livestock Centre fOr Africa, 1983. -
research report : 110.7
Despite myths and half-truths such as claims that they belong to the rich, destroy the
environment and increase the risk of heart disease, livestock form a component of the
livelihood of 70% of the world's rural poor:
194 million extensive graziers
> 686 million mixed farmers
r 107 million landless livestock-keepers
(LiD 1999)
Livestock provide:
direct consumption (of protein and valuable micronutrients)
cash
security/investment
fertility cycling
r draught power
social capital
> a means to benefit from common grazing
Livestock water requirements are complex, and depend on: size, breed, physiological
state, diet, activity, expected output, temperature, frequency of watering; etc. The
science of water requirements appears still underdeveloped compared to animal
nutrition.
Some indicative values: - litres/day for non-lactating adults under African ranching
conditions
Species Mean Theoretical "Practical Guideline for Salt-tolerance


Maximum Develo ment" (% total salt)
Goat 9 .0 5.4 5.0 1.5
Shee 1.9 5:7 — 5.0 - 1.3-2:0
Cattle (Zebu) 16.4 56.1
_
75.0 1.0-1.5
Camel 18.4 34.0 30.0
_
5.5
(King 1983)
But more importantly, what (if any) household livestock holdings could be factored in
to a water poverty index?
‘17.:CEll Wallingford 2002
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Some approaches (for brainstorming)
farmine-system specific (water to support number of animals locally associated
with a poverty line) - cumbersome and dangers of circularity
Water allowance for draught animals where DAP is prevalent form of farm power
Notional water allowance for "small family milch herd/flock"
e.g. 2 lactating goats ® 5 litres/day + 2 non-lactatine ® 1litre/day
places value on milk as vital part of nutrition
but values will be arbitrary
Water allowance for pastoralists mainly dependent on livestock
"Subsistence" herd sizes (hhold protein and calorie needs)
S ccies Model Literature
Cattle 50-64 20-36
Camels 28 10-25
Shoats 131-223 50-60
Hjort and Dahl 1983
but few pastoralists live entirely on their livestock
how to factor in labour and convenience?
pastoralists almost by definition must move themselves and their stock to water
how to factor in sustainability?
poorly planned year-round water can contribute to overgrazing and conflict
Defining an Index is not only a technical issue: it is ethical and political.
CHI Wallinulhal 2002
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Assessing the Water Poverty Index in a Context
of Climatic Changes
Christel Prudhomme, CEll Wallingford
ABSTRACT
The Water Poverty Index (WPI) is a tool aimed at water managers to determine water-
stressed areas, that can be estimated at a local, district or national level. It is briefly
presented in this paper, with some suggested methods for its calculation. Its
adaptability to incorporate climate change projections is discussed. A brief
background on climate change modelling is provided, including a review of current
climate modelling capacities from Global (and Regional) Climate Models (GCMs and
RCMS). A summary of observed and projected changes in climatic variables and
water-resources is provided for some regions of the world currently vulnerable to
water-related poverty. Emphasis is given to two key elements of climate change
modelling that must be considered with care in impact studies: scale and uncertainty.
Currently, there are a number of limitations in climate change impact studies
associated with climate change projections from GCMs, in particular of scale. To
reduce uncertainties added with scale reduction techniques, it is recommended to
undertake climate change impact studies at a scale consistent with that of climate
change scenarios. For the WPI, future projections at a district or at a national scale are
expected to he associated with lower uncertainties than those at local scale, and
therefore recommended. An approach combining sensitivity analysis. climate change
scenarios and hydrological modelling is proposed as a pertinent technique to identify
threshold limits and impact of a range of projected changes on the WPI.
Key words: Water Poverty Index Water resources planning: Developing countries;
Climate change assessment: Sensitivity analysis: Future projection; Water-poverty;
Introduction
Background on a Water Poverty Index
The Water Poverty Index is a new indicator developed at the Centre For Ecology and
Hydrology in Wallingford, with the help of the funding from the British Department
for International Development (DFID). Its concept emerged as a response to DFID
after they identified that "there is no generallv acceptable quantitative tneasure for
water assessment and the usual indicator iv regarded as _flawedfor the purposes of
rational, equitable and sustainable allocation" (DFID, 2000). Integrated assessment
of water stress and scarcity, linking physical estimates of water availability with
socio-economic variables that rdfleerpOVeny:May'offer sOmetlements'needed-to find'
a more equitable solution for water allocation (Sullivan, 2001).
The Water Poverty Index is designed to capture those characteristics linking water
and poverty, thus providing a water management tool to help determine where a water
provision scheme is most needed. It is aimed to donor agencies and government
departments, so that they can monitor progress and assess the impact of their work.
In a changing world, it is important to re-actualise this index regularly. It is also
crucial to make future projections of the index, and to identify areas of potential
increase of the water stress so that better medium to long-term planning can be made
in time to implement adaptation procedures if necessary. This paper aims to provide
some key elements on how to undertake assessmentof what the WPI could become in
the future.
tp Dill Wallingford 2002
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The WPI definition
The Water Poverty Index evolves around five main themes (Sulli van. 2002):
A vailability of water resources (physical limitations and natural conditions),
Access to that water, through human ingenuity and natural conditions;
The Use made of that water by different economic sectors and social groups:
The Capacity of society to manage the resource:
The maintenance of Ecological integrity through allocation of adequate water
supplies for ecosystem needs.
The ensemble of these indicators define the level of poverty attached to water
resources. It is possible to monitor progress on each of these components. so that the
state of water management can be assessed. For long-term water management
planning, future projection of the WPI would need to be made, through future
scenarios of the five indicators and re-calculation of the WPI under those scenarios.
Locations where the WPI would be most useful
There is a strong regional pattern in the geographical location of the world's poorest
countries, as defined by their Gross National Income per capita. Of all the countries
defined as 'low income' by thc World Bank, 55% are from Sub-Saharan Africa, 8%
arc from South Asia, against only 14% from Eastern Europe and Central Asia
(www.odci.gov/cia/publications/factbook). Regionally, this corresponds to a
proportion of 73% of countries in Sub-Saharan Africa and 62% of the South Asian
countries have a low income while 28% of Latin American countries are classified as
having a low-middle income economy. A total of 76% of countries of low income are
located between the tropics of Cancer and Capricorn (the inter-tropical zone), and
most regularly endure some water-related disasters, such as dramatic flooding or
severe droughts. In terms of climate, equatorial regions are marked by abundant
precipitation, cyclones and typhoons in coastal areas. Sub-tropical regions show large
regional variability with many of the world's largest deserts as well as regions with
abundant rainfall (Lutgens & Tarbuck, 1992). Decadal cycles of extreme events are
observed in the climate, such as long-lasting droughts or very severe flooding. Poor
countries have generally a poor capacity to respond to problems. and a large
population, thus are extremely vulnerable to climatic disasters.
If the WPI were to become an efficient, universal management tool, it should be
designed to be flexible enough for an applicability in any part of the world where its
need is perceived. The first phase of the feasibility of the WPI was conducted in three
countries (South Africa, Tanzania and Sri Lanka) located in the inter-tropical zone
(Fediw, 2001), where the combination of difficult climatic conditions and low state
capacity makes then extremely unstable, and even more vulnerable to changes than
most other areas. Examples of application of the WPI in these countries are shown in
this paper.
Calculating the WPI
A number of approaches have been identified by a consortium of hydrologists,
biologists, engineers, water managers, economists and sociologists that could be used
to produce a Water Poverty Index. Two levels of definitions have been suggested, and
their feasibility assessed: the local level, a 'bottom-up' type approach': and the
nathnwl level or 'top-down' approach. At the local level, values or parameters can be
locally determined through surveys, local data collections etc... At the national level,
information available in the public domain can be used. The approaches presented
CHI WallingliHil 2002
Appendix 9.13
below could be applied at both levels, and have beendeveloped during the first phase
of the WPI project.
A composite index approach
The index is the weiiihted sum of set of variables that represent the five indicators.
They could include:
A: Adjusted Water Availability assessment (in %). It is the percentage of the
water resource (surface and groundwater) that is available for ecological and
human requirements (domestic and agricultural); •
S: population with safe access to water and Sanitation (in %);
T: index (e.g. T between 0 and 100, but used in the form 100-T) that
represents the Time and effort to collect the water, or the time of labour
necessary to pay for the water.
The water access and time to collect the water are proxy data for socio-economic well
being, while the water availability mainly represents the physical component. The
different weights (or preferences) attached to each component should reflect which
elements is thought to be the most critical in the region. For two regions with different
characteristics but same preferences. such as for example. a region B with fewer
people having access to safe water and spendint; more timc to collect water than in
reRion A, the WPI value is smaller for region B than for region A, thus highlights
directly which region faces more water-related problems.
At a national level, the different components could represent the five key indicators of
Resource, Access, Capacity, Use and Environment, and be assessed individually in a
scale of 1 to 20 for example (20 being the most desirable state). The direct sum (with
no weights) of those components would enable international comparisons of the
 Water Povert Index value, with a lower score indicatin roblems (Table 1).
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Tanzania (WPI=43.0) 10.4 7.4 8.I 7.4 9.8 43.1
Sri Lanka (WP1=55.9) 10.1 14.5 125 7.5 11.3 55.9
Sout6-Arrica (WPI=57.9) I 12 1 14.7 13 5.6 12.4 57.8
. Table 1,National WPI component values tor three counffies.(Source: Sullivan, 2002)
The GAP method
The components of the WPI are compared to a standard (or taraet) value, defined to
reflect the level that would exist if the resource was managed in a sustainable way.
For each individual component of the WPI (e.g. ecosystem health, human health.
community well beinR, and economic welfare), the empirical value, calculated from
measurements, is compared to the pre-set standards, and the difference (or Rap)
between the two values indicates the level of water strcss. The WP1 is represented by
the ensemble of Rap values for each of the components —and not by a sinRle value.
A matrix approach
The main characteristics associated with water stress and human welfare are
combined in a two-dimensional matrix representing on one axis capacity and use: and
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on the other axis availability and access. This appomch could he a graphical
representation of a composite index calculation. A simple star diagram could also he
used to display the results, for example the national WPI values of Table I are
represented in Figure I. This representation is closed to the 'Star Diagram' suggested
by Lane et al. (1999) to represent a water resource index.
idcn iifivinglivelihoodcapitalsusingtheWPItool
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Figure 1 Comparing different countries using the W PI tool (Source: Sullivan, 2002)
Background on climate change modelling
In the recent past, human activity has lead to an increase in the concentration of
greenhouse gases in the atmosphere by about 31% compared to levels of 1750. and
the current rate of increase is believed to have been unprecedented for at least the past
20,000 years (IPCC, 2001a). Concomitantly. the global temperature has also been
increasing, and is currently about 0.6°C warmer that it was 140 years ago.
The importance of taking into account the impact of change in climate in long-term
planning is now widely recognised. However, it is crucial for managers to understand
that any impact result is undoubtedly attached with large uncertainties, some of them
due to aspects inherent to climate change modelling. In particular, it must be stressed
that climate change scenarios are not predictions, but suggestions of what scientist
think a plausible future may be. They are surrounded by number of assumptions and
uncertainties and, thus, can only provide indications to be treated with caution. A
rapid review of the main issues underlying any climate change impact study is
provided here, with an overlook at their abilities but also thcir limitations.
Existing tools: Global Climate Models
The process governing the climate system is extremely complex, and not yet fully
understood. Numerical Global Climate Models (GCMs) attempt to represent the
physical processes in the atmosphere, ocean, cryosphere and land surface. They are
currently the only credible tool available for simulating the response of the global
climate system to increasing greenhouse gas concentrations, and provide estimates of
climate variables (such as air temperature, precipitation, incoming radiation, vapour
pressure, wind speed etc...) for the whole world (IPCC, 2001a).
Most GCMs are 3-dimensional models with generally one atmospheric and one
oceanographic components coupled together. The Intergovernmental Panel of Climate
Change (IPCC) Data Distribution Centre provides detailed information on several
GCMs developed in Australia, Canada, Germany, Japan, the UK. USA, and scenarios
of climatic variables derived from those models (http://ipcc-ddc.cru.uea.ac.u1:).
Because the different processes representing the climate system are described by sets
of complex equations. the geographical resolution of GCMs is typically around
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—300 km. This means that sonic regional el lects of the climate are masked tin O\ CI--
smoothing of the elevation. Recently. Regional Climate Models (R('Ms) have been
developed to provide liner spatial and temporal demils of atmospheric circulation. hut
thes cos er onl v limited areas of the globe (Iludson. 2002 a a he Hadlev Centre's RCM
has a nominal resolution of 0.44"x0.44". An example is shossn for Southern Africa
I Figure 2 k sshere the RCN1 is shossn to pros ide a much mote realistic la:presentation
of the elevation than the CICM (e.g. the Nlaloti mountains. in Lesotho). 'Fhe RCN1
spatial resolution at those latitudes is roughly of 50 km Fix 150 km.
_
Figure 2: Distribution of orographic height (m) in the Hadley Centre's GCM (HadAM3H) and
ACM. (Source: Hudson, 2002)
A number of different GCMs exist to simulate the global climate, and they don't
alssavs pros ide consistent results amongst themselies. No single particular G('N1 is at
present recommended to use, hut Smith and Hulme I 99ti tatter I lulme and Carter.
1090) suggest to impact modellers to chose a model as recent as possible. sshich
performs %sell compared to local obsenations and \ .10Se spatial resolution is
consistent with modelling requirements. Data availahilitv and easy access arc also
important criteria. flow well past and current climates are simulated provides
ouidance on hos% well the climatic processes are understood. and hoss much
confidence can he gis en to future predictions. llossei. cr. until progress is made in
better replicating local features, and especialls rainfall. scientists place more
conhdence in the differences in the signal than in the direct simulations.
Assumptions behind future projections
It IS important to emphasise that GCM simulations are not predictions hut are
plausible futures The assumptions behind climate ceriarios include future fiends in
energ  demand, emissions of greenhouse gases and land use change, as ix ell as
assumptions about the behas Iota of the climate ssstem mei- long time scales, and in
particular the hehas lour of the global an surftee temperature Mot main torcing
dgents arc used in future climate protections from GCN1s:
iii the emission scenarios, that arc plausible piotections sf dunosphei
concentrations of greenhouse (gases and aerosols tor the future I he% are
based on scenarios on demographia es olutittiL socio-econoints
des elopment. energY demund und technical changes t11)CC. 2000 a and
iiii 	 the climate sensitiv it  that represents the increase in global temperature
that the planet ssould catkinc tissiming,a the equilibrium is Ica, half sshen
I IF 55
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the CO2 concentration in the atmosphere will be twice that of 1975. It
depends on the GCM used to model the climate, but is usually assumed to
range from 1.5 to 4.5°C (IPCC. 2001a0.
Scale
Spatial scale
In hydrology, climate change impact studies are confronted with scaling issues as the
scale of the processes is usually much finer than the scale of the Global Climate
Models producing global climate series (cells of —300km side). Different techniques
have been developed to reconcile both scales, providing scenarios at finer spatial
resolution than the GCM they are issued from. This mechanism is known as
'dmvascaling'. Downscaling techniques range from very simple statistical methods
(such as interpolation, multiple regression analysis etc...) to complex dynamical
modelling such as the Regional Climate Models RCMs (Prudhomme et al., 2002).
Temporal scale
Despite being run at sub-daily time steps, GCMs (and even RCN4s) cannot yet capture
sub-monthly climatic patterns, in particular variation in precipitation intensity.
Prudhomme et al. (2002) compared daily series simulated from the Hadley Centre's
GCM HadCM2 with areal daily rainfall series over the same area, in Wales in the UK.
In particular, they observed that the annual maxima daily rainfall totals extracted from
the GCM series were consistently lower than those extracted from the observed series.
Series aggregated over time scales, such as annual or seasonal, however, generally
mimic observations better than shorter time-step series, and are best used to assess
climate change signals. Still, large differences sometimes exist when several model
outputs are compared (e.g. Gates et al., 1999). especially in the tropics (Adler et al.,
2001). Simulation of large-scale phenomenon. such as El Niiio Southern Oscillation.
has now improved (e.g. Mechl et al., 2000a) - but it is still generally underestimated —
so are the Monsoon cycles or the North Atlantic Oscillation. More extreme events arc
not yet completely satisfactorily simulated (e.g. Zwiers & Kharin. 1998: Jones &
Reid, 2001).
Uncertainties
Uncertainty is a major concern in impact studies assessing future regimes
(hydrological or others). A wide range of sources of uncertainties have been identified
by Caner et al. (1999), including uncertainties in how to quantify and model a climate
complex system not entirely understood, uncertainties in future emissions.
uncertainties in how to interpret climate prediction and how to build them into
downstream modelling (such as hydrological modelling). The use of multi-ensemble
integrations run, that regroup several experiments done with a single model and under
the same forcing, and the consideration of different GCM experiments are at present
the recommended ways to reduce uncertainty (e.g. Barnett et a/., 1999: Dal et al.,
2001). In the UK, for example, the largest uncertainty in results of impacts of climate
change on floods was from the type of GCM used, and not from the forcing scenarios
used in the GCMs simulations (Prudhomme et al., 2001).
Alternatives to GCM modelling
There are some alternatives to GCMs that could be used in climate change impact
studies. Hypothetical scenarios, for example showing incremented changes in key
variables, could provide a framework for a sensitivity analysis to he undertaken. They
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could be derived either from extrapolation of observed trends, or be created to show a
wide range of possible changes within which the plausible future changes are likely to
reside (e.g. Panagoulia, 1991; Seidel el al.. 1998).
The analogue methods replicate part of historical series that show analogies with
indications of changes (for example from GCMs. or from interpolation of observed
trends) by the climate change factors compared to averaged conditions. The technique
is to select some historical sequences (either month, or seasons) that show the same
departure from the long term a‘cragc as indicated by seasonal climate change factors,
and to repeat this I2-month sequence - not necessarily from the same year in the
original series —x times to construct an x-year long series.
Climate change assessment
Observed changes
Climatic trends
Trends in climatic variables, such as temperature or rainfall, are studied with interest
all over the world as they could give evidence that our climate is changing, and a
number of regional patterns have been observed. Sudan, for example, has experienced
a significant upward trend in the annual and seasonal temperatures (Elagib & Mansell.
2000). In West and Central Africa, regional rainfall has decreased, but the deficit is
larger in Western parts (Mahe et al., 2001); step changes are characteristics of those
regions, also observed in Nigeria (Tarhule & Woo. 1998). Heavy precipitation has
been decreasing in Eastern Africa and Thailand. hut increasing (both in terms of total
precipitation and number of extreme events) in South Africa and China (Easterling et
al., 2000). Dai et al. (2001) showed increases in the overall areas of the world affected
either by droughts or excessive wetness. However, climatic variability is large, and
some trends could be erroneously highlighted if derived from short records, outside
the context of natural multi-decadal variability (Robson et al., 1998). In Africa.
seasonal and interannual changes in rainfall are significantly greater than long-term
trends and decadal cycles and this makes trends difficult to detect (Schulze, 2000).
In terms of modelling, most GCM are not yet able to satisfactorily capture and detect
such changes, and thus to attribute them to enhanced greenhouse gases concentration
(Barnett et al., 1999), but Regional Climate models arc starting to reproduce climate
variability, for example in Africa where it is naturally large (Jenkins. 1997: Hudson.
2001).
Water resources trends
The water cycle is complex. and mainly driven by climatic conditions: as a first
approximation, 'runoff' can be assessed as the difference between the input
(precipitation) and the output• (evaporative—losses).- However-, this-relationship is
modified by numerous factors, either natural (vegetation with different water needs;
varied infiltration due to variation in the geology andsoil characteristics, soil moisture
content, intensity and distribution of precipitation etc...) or unnatural (soil
degradation. water abstraction, artificial streamflow channels, dams and reservoirs
etc...). A highly non-linear, complex relationship results between rainfall and runoff
or water resource, especially in regions of extreme climate such as Southern Africa. A
dramatic example is found in South Wcst Niger, where despite a significant decrease
in the rainfall totals, the water table has risen, due to man-made land use changes and
consequent soil degradation (Leduc et al.. 2001). Moreover, the combination of
natural and human induced changes makes the observation and interpretation of
changes in flow regimes difficult (Van Langenhove et al.. 1998).
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Climate change projections
The 1PCC recently published a report on the potential impact of climate change on the
water cycle providing a general picture of possible changes briefly summarised here
(IPCC, 2001b). Decreases in annual streamflow are projected to occur in central Asia.
southern Africa, and the water stress is likely in be exacerbated. The water quality
would be degraded by higher water temperatures, but changes in flow volume may
modify the effect of temperature. Flood magnitude and frequency are likely to
increase in most regions, and low flows are likely to decrease in many regions. For
example, Indian Monsoon variability tends to increase, thus increasing changes of
extreme dry and wet monsoon seasons (Meehl et al., 2000a). Increased flood risk and
wetland losses has been projected to happen in Southern Mediterranean. Africa. and
vulnerability extremely increased in low-lying populated areas such as South and
South-East Asia (Nicholls et al.. 1999). There is suggestion of an increase in the
probability of extreme warm days, the greatest changes in the 20-year return period
values of daily maximum temperature expected in central America, central and
southeast Asia, tropical Africa (added to a decrease of the soil moisture content) and
North Africa (Mcchl et al., 2000b).
Vulnerability to changes
Vulnerability in developing countries (in Africa, central America and Asia) is large,
as the adaptive capacity is generally low due to lack of economic resources and
technology. With a climate becoming more extreme, regions with high demographic
(e.g. South Asia) increase freshwater resource expected to become highly vulnerable
to changes. Other examples include the regression of glaciers in Latin America that.
would reduce water availability for irrigation, hydropower generation and navigation.
Human health may also be at risk, the rise in temperature would extend disease vector
habitats, and increase the frequency of water-borne diseases where sanitary structure
is inadequate.
With one third of the world's population (1.7 billion) already living in water-stressed,
countries, this figure is projected to increase to 5 billion by the 2025. Demand for
water is generally increasing, as a result of population growth and cconomic
development. Larger withdrawals for irrigation and agriculture arc likely also to be
exacerbated by higher temperatures. The impact of climate change on water resources
depends, in addition to changes in natural factors, to changing pressures on the
system, and to the implementation of adaptive measures. It is possible that those non-
climatic changes may have a greater impact on water resources than climate change.
Limitations and uncertainties
There is still large uncertainty in the projected changes in precipitation pattern from
GCMs (Hulme et al.. 2001). and especially in low-latitudes (Gates et al., 1999).
Limitations in the ability of climate models to simulate precipitation. for example,
arise from (i) small ratio between signal of change and noise due to natural variability:
poor ability to account for influence of land cover changes on future climates; and
poor representation in many models of the existing climatic variability extremely
important, in particular for Africa. Despite those drawbacks. Hulme et al. (2001)
suggest that "climate change scenarios should nevertheless be used to explore the
sensitivity of a range of African environmental and social systetns, and economically
valuable assets, to a range of fitture climate change-. It is therefore legitimate to
envisage their use for future projections of the WPI.
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Assessing the impact of climate changes inthe Water Poverty Index
As seen in the first section, the Water Poverty Index is defined by a combination of
five indicators, with each of them likely to be impacted differently to set changes.
While this paper focuses mainly on changes due to the climate, the importance of
other changes must be analysed in a complete impact study. Three main issues ar rise
here: (i) which indicators are likely to be affected bv such changes: what are the
scales appropriate to assess the changes. and (i ii) how to incorporate climatic changes
efficiently.
The WPI indicators and the climate
From the five indicators identified as key to a water poverty index, not all have a
direct link with the climate: the availability of the water resource will be modified by
changes in precipitation and evaporation losses: the use of the water and the
environment wealth will be conditioned by thc temperature (e.g. hotter climate is
likely to increase the domestic and agricultural demands; irrigation needs depends on
rainfall patterns). Access to water depends mainly on the infrastructure. but the time
to access the water may also be affected by temperature conditions.
Relevance of climate change impact studies for WPI future assessment
The scale issue
Climate change impact studies that use future climatic projections are constrained by
the scale (spatial and temporal) at which climate change scenarios are available.
GCMs models, with a —300km grid cell mesh, do not provide estimates that can be
used without further transformation — with the associated added modelling error and
uncertainty. The recent development of Regional Climate Models, that provide
simulated series for a grid of size under 100km. offers great scope to the impact
community. Scenarios derived from RCM outputs describe more realistically spatial
details of weather patterns of the order of 2,000 to 10,000 km2. These scenarios would
not necessitate the use of downscaling techniques if they were to be used at the same
spatial scale, consistent with in macro-scale hydrological modelling.
The scale at which climate change scenarios are most relevant to the Water Poverty
Index is the district level that is used in water management, and the coarser national
level. The implementation of future assessment of the WPI at the local levels would
require further assumptions on how regional estimates can be spatially distributed to
oive reliable local estimates of chanoes
The modelling aspect
The definition of the Water Poverty Index requests estimates of the water resource
available, combining natural availability (i.e. incorporating minimal human influence)
and actual availability (accounting for infrastructure, pollution etc...). At present.
GCMs or RCMs can only provide estimates'orclimate*projections•— and nor of the
water resource - and thus, modelling must be integrated in the WPI assessment
exercise for future estimates of the water resources to be made. An unbiased
evaluation of future changes of the water stress, as represented by the WPI. would
require that a similar methodology should be used to calculate the WPI under present
and changed conditions. Ideally, the modelling technique employed should be flexible
enough to incorporate range of elements impacting on the water resource, natural or
not, and to provide reliable estimates at a scale consistent with that of the input data.
Different approaches exist to model the water resource from climatic data, ranging
from simple statistical methods to complex physically-based models through
conceptually designed models. Simple statistical relationships request limited data.
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but are not always very accurate. Moreover, in a context of climate change. there is no
guarantee that those statistical relationships will remain true, and thus increasing the
uncertainty in the future assessment. On the other hand, they provide immediate
assessments, and request only very limited resources and data to he implemented. At
the other end of the scale, physically distributed models demand large number of data
(both climatic and physical) that are not always available, especially in developing
countries where the scientific investment can he minimal. The scales at which they
operate is often finc, and inconsistent with data provided by GCM or RCM scenarios.
They cannot be used by non-specialists, and request sometimes large computing
capacities.
Conceptual macro-models can often model the processes at a monthly time-step. and
have the advantage to request a limited number of data. They have been a common
approach to assesswater resource at a continental or regional scale (Arnell, 1993), and
thus are consistent with Global (or Regional) Climate Models scales. Whilst aimed at
specialists, they usually demand less knowledge of the processes than more
physically-based models. Two approaches exist: (i) the 'top-down' approach,
consisting of simple conceptual models applied at a coarse scale gridded data (e.g.
Vonismarty & Moore, 1991; Servat & Dezetter, 1993; Kite et al., 1994; Arnell. 1999:
Meigh et al., 1999); and (ii) the 'bottom-up' approach. with highly detailed models
with fine spatial and temporal sales, but applied to large geographical areas (e.g.
Kilsby et al., 1999; Schulze, 2000). This last approach, like the physically distributed
models, can sometimes be very data-intensive.
Assessing climate change impact
The Water Poveny Index is a complex index formed of separate elements,
incorporating some 'un-quantifiable' data such as the perceived quality of the water,
the sectorial allocation, method of transport of the water, right-of-use etc... Changes
in each of them will have ft-) be estimated for a future assessment of the WPI to be
made. Sophisticated approaches may not be the most relevant when large
uncertainties already exist in a stationary context. This section presents some
methods that could be envisaged for an impact study on the WPI to be implemented.
Impact study: classical approach
The classical approach in climate change impact study is to run the model under
- reference- and "future- conditions, and assess the difference. The level of
sophistication of the method mainly concerns how the climate change scenarios are
downscaled to the scale (temporal and spatial) relevant for the processes to be
modelled. The type and number of scenarios used will condition quality of the results,
and assessment of the uncertainty.
Climatic data. The majority of scenarios arc provided at the GCM grid-scale (around
300 km side) and as monthly mean changes compared to a monthly mean baseline.
The most extensive database is hold by the Intergovernmental Panel on Climate
Change Data Disthbution Centre, at hup://ipee-dde.eru.uea.ae.uk where at the time of
writing, scenarios from seven GCMs are provided for the whole world. Data from
RCMs are not yet publicly available, hut could be obtained directly from the climate
centres if available. It is highly recommended to undertake the modelling with a range
of different scenarios obtained from different GCMs and forcing scenarios. For best
planning decisions, it can also be envisaged to analyse the impacts for several time-
horizons.
Other data. The 1PCC-DDC provides socio-economic scenario information, that am
compatihle with the forcing scenarios used in the climate modelling (see also
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http://sresilesin.ordfinal data.hunl). The socio-economic scenario data supplied follow the
same assumptions than IS92 and SRES emissions scenarios. The variables should
include population, Gross National Product (GNP), energy use, land use, and other
socio-economic indicators. It is anticipated that pointers will be provided to the
emerging work of the SRES.
The sensitivity approach: hypothetical scenarios
The sensitivity approach consists of analysing the impact of a series of changes for a
set of relevant indicators regularly incremented concomitantly, thus analysing a
matrix of hypothetical scenarios whose dimension equals the number of scenarios by
the number of indicators. Indicators can be simple variables (e.g. rainfall, temperature
and population) or complex variables (e.g. natural water resource, water demand, land
use type or pollution level). Each of the four WPI elements should undergo a
sensitivity analysis, with respective relevant factors and changes. This method is not
very popular, but has been used in impact studies (e.g. Seidel et al., 1998; Van
Minnen et al., 2000).
To avoid un-necessary computation. a 2-step approach is suggested. First, a pre-
analysis with a limited number of changes (e.g. three changes) permits identification
of which factors the WPI is most sensitive to. Second. a more in-depth study is carried
out with only the pre-identified factors, hut for an extensive range of changes. A
maximum of three factors seems to be a manageable compromise.
An example of the approach is illustrated in Figure 3. It is taken from an analysis by
Van Minnen et al. (2000) who evaluated the impact of changes in temperature and
precipitation (the two pre-selected factors) on crop production. using Response
Surface Diagrams. Those allow a graphical representation of the impact in a 3-
dimension diagram, assuming a 2-component sensitivity analysis.
According to Striepek & Yates (2000) "undervtanding the role e.f water resources in
each sector of the economy will help to determine the respoave the economy to
changes in water supply". In that perspective, sensitivity studies are invaluable.
because they are capable of incorporating adaptive capacities such as changes in the
crop production or population movements, that would be difficult in a classical impact
study if no scenarios exist on such factors.
The combined approach
A major drawback of the sensitivity approach is not to make reference to projected
changes. While it is informative to assess how the system would respond to some
changes. if those changes are unrealistic, there is no practical use in management, and
the exercise becomes meaningless.
The combined approach is a way to encompass the simplicity of the sensitivity
method while capturing the predictive information that resides within IPCC climate
change scenarios. It is suggested as a three step method:
I . A pre-analysis deli n'es---air Cvh-cise Chim-ges be
considered in detail. If possible, no more than two or three factors
should be selected;
7. A complete sensitivity analysis is undertaken with all the selected
factors varying within a fixed range of changes, each varying regularly.
All the combination of changes are to be analysed:
3. The changes indicated by the IPCC scenarios are highlighted in the
sensitivity matrix. A range of several scenarios, combining different
GCMs. climate sensitivity and emission scenarios should be
considered to give an envelop of future projections.
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A schematic representation of such a method is suggested in Figure 4. The matrix of
tmpacts derived from the sensitivity analysis (Fig. 2) is accompanied by an envelop
showing the impacts of (here hypothetic) climate change scenarios for a time horizon
x.
The importance of thresholds
In addition to its simplicity and versatility, the combined approach enables
identifation of a critical threshold beyond which the system response may
becomeunacceptable. This notion of "threshold" is extremely important when
analysing the consequences of changes in the water resources on the economy and
poverty (Strzepek & Yates. 2000). Thresholds also exacerbate the non-linear response
of the system to changes. such as the rate of change in runoff increases as the amount
of rainfall change increases in semi-arid regions (Arnett, 2000). Arndt also stresses
that it's not the exceedance nf the threshold which is generally important, hut the
frequency with which the threshold is exceeded-. The combined approach responds to
this need, with climate change scenanos providing crucial complementary
information to the sensitivity study. From this analysis, it is possible to assess (i) if the
threshold is to be exceeded, (ii) when in the future it is likely to be exceeded for the
first time, and (iii) what is the risk and frequency of being exceeded according to a
number of climate change scenarios.
Conclusion
The Water Poverty Index is a tool designed for water managers so that they can assess
the level of water-related poverty of specific sites. Its efficiency depends on (i) the .
range of indicators that it encapsulates, (ii) how comprehensive it appears, (iii) how
understandable and direct it is perceived, (iv) its ease of calculation, and (v) its
capacity in being used in long-term planning.
Recent scientific evidence suggests that the world's climate is changing at a rate
accelerated by anthropogenic emissions. It results that efficient resource management
necessitates long-term planning of the water resources, and cannot he dissociated
from climate change projections any longer. The Water Poverty Index, if unable to
account for changes, would have a somehow limited use, and it is crucial for its
dissemination that it incorporates an element of changes. However, it must remain
clear that limitations exists when undertaking climate change impacts studies, and in
particular, uncertainty and scale issues are difficult to overcome.
Limitations exist in climate change impact studies due to the current abilities to
simulate climatic series accurately. The best tools available at present are the Global
Climate Models (and the most recent Regional Climate Models) hut they only offer
estimates at a spatial scale varying between 50 and 300km grid mesh. For those
scenarios to be relevant for thc future assessment of the Water Poverty Index, similar
spatial scales should be considered. This means that the uncertainty associated with
future projections of the WPI is expected to be lower when considering district and
national levels than at a local scale. A sensitivity study undertaken for all elements
defining the Water Poverty Index, combined with relevant scenarios obtained from
GCMs and RCMs projections, would offer managers a framework useful for long-
term planning.
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1 PREAMBLE
The value of the results of water resources asSessments is minimal if they are not linked to. or
viewed in the light of. human welfare. Since the 1992 World Summit in Rio de Janeiro.
several global initiatives (e.g. The 5th Global Forum of Water Supply and Sanitation
Collaboration Council. 2((X.); 6th Session of the Comnnssion for Sustainable Development)
have highlighted the strauTic importance of the water sector in poverty allex iation and the
promotion of regional stability. This has resulted in the classification of countries and regions
on the basis of water stress in order to implement interventions in crisis areas. At regional and
national scales. Falkenmark's (1989) water stress index (while mindful of its limitations) has
been used with considerable success for these categorisations. However, this method is too
coarse for sub-national (provincial, small catchment or community) classification
programmes. Furthermore, suitable methods or indices of water stress and poverty, in addition
to having to be multi-disciplinary and having to link physical water availability (supply) with
requirements of human population (demand), need to accommodate the population's capacity
to access water and adapt to its shortage.
With funding from the Department for International Dnelopment tDIFID). the Centre for
Ecology and I lydrology (CEH) at Wallingford in the UK is coordinating a multi-phased and
multi-institutional research project aimed at deriving a tool for addressing the needs
highlighted above. The tool will be known as a Water Poverty Index (WPI). and its utility will
include:
enabling the classification of regions on the basis of a quantifiable methodology
which reflects both the physical availability of water and the human adaptive capacity to
access it.
facilitating an assessment of progress towards water related development targets.
contributing towards prioritisation of water related needs. and
monitoring the effect iveness of water related development projects.
The WPI, the derivation of which was also identified during the 5th Global Forum of Water
Supply and Sanitation Collaboration Council (20(X)) as a research need, is to be evaluated and
tested by partner institutions in three countries. viz. South Africa. Sri Lanka and Tanzania. For
the South African evaluation. the Thukela catchment of 29 035.9 km- in the province of
KwaZulu-Natal was selected for a regional WPI study. Within the Thukela catchment two
communities. at Keates Drift and Wembezi. were identified for more site-specific research on
household water use.
The University of Natal's School of Bioresources Engineering and Environmental Hydrology
(SBEEH) is one of the partner institutions in the research project. For the SHEEN. the
objectives of Phase I of this study are:
to provide an 'overview -a—the ba-ckgFairid—hyTdraiigi'a the Thukela .caichment
assuming baseline land cover conditions. i.e. land cover not influenced by human activities:
in regard to water availability at the meso-scale. i.e. at the operational subcatchment
level of les to I(X)s km2 in area;
in order to identify where, how much and how variable individual subcatchment
flows as well as accumulated flows are; and furthermore
to provide more specific detail on the background water availability at the Iwo
selected field sites within the Thukela. viz.. at Keates Drift and Weinbezi.
by configuring the entire Thukela into relatively homogeneous operational
subcatchments in order to undertake hydrological simulations under baseline land cover
conditions using the ACRII agrohydrological simulation model: and
to undertake preparatory work for an envisaged Phase 2 of this WPI studv.
cEl I Wallin121ord 2002
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Chapter 2 presents background information on the Thukela catchment. (mussing on aspects
of its hydroclimatology, hut also introducing elements of human influences on the landscape
by briefly assessing present land use patterns as well as discussing the general poverty status
within the catchment. The configuration of the ACRU model for hydrological simulations is
discussed in Chapter 3. while overall and site-specific results are presented in Chapters 4 and
5 respectively. The report concludes with recommendations. of work proposed for Phase 2 of
the project.
2 THE TI1UKELA CATCHMENT: BACKGROUND
	
2.1 Location and Physical Features
The Thukela catchment extends latitudinally from 27E25' to 29E24S and
lonpudinally from 28E58 to 31E26E (Figure 2.1). It covers an area of 29 035.9
km . The Thukela River has its source in the Drakensberg mountain range in the west.
The Drakensberg is a declared World Heritage Site which, in places, has altitudes
exceeding 3000 m (Figure 2.2). It then flows eastward from a steep escarpment
across low mountains of high relief, open hills of high relief and lowlands of low
relief and thereafter through a deeply incised valley until it reaches the Indian Ocean
approximately 85 km north of the city of Durban. The mainstem Thukela's major
tributahes are the Little Thukela, Mooi and Bushman's Rivers which join from the
southwest, and the Klip, Sundays and Buffalo Rivers flowing from the north.
	
2.2 Hydroclimatic Features
Mean annual precipitation (MAP) in the Thukela ranges from around 2(X)0 mm in the
Drakensberg to as low as 550 mm in the drier central regions (Figure 2.3). Most of
the rainfall is received during the mid-summer months from December to February.
Significant from the water poverty perspective is the relatively high inter-annual
variability of rainfall, generally in the range of 20 —30% (Figure 2.4).
0 CHI Walli 2ford 2002
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The driest year in 10 records is only about 60% of MAP. Equally as important for
WPI studies as its variability is the strong concentration of rainfall in the summer
months. January's rainfall means range from 100 - 300 mm (mostly 120 — 150 mm)
against July's means which over most of the catchment are < 5 rum (Schulze. 1997).
Southern Africa
*PIM AIME
KwaZulu-Natal
THUKELA CATCHMENT
OVERVIEW
2 0204060BO100
Kilometres
Figure 2.1 Location of the Thukela catchment
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Figure 3.2 The ACRU agrohydrological modelling system: Structure
(Schulze, 1995)
For large areas, or where complex land uses and hydrologically variable soils occur,
or where streamflows in the channel have been modified by reservoirs/abstractions,
the catchment is discretised into relatively homogeneous response zones, and ACRU
then operates as a hydrologically cascading distributed cell-type model.
The ACRU model requires input of known and measurable spatial and temporal
variables which characterise the catchment's hydrological behaviour. Catchment
information may be classified by:
climate, e.g. daily rainfall, temperature, potential evaporation;
physical attributes, e.g. area, slope, hydrological soil properties;
bio-physical characteristics, i.e. baseline land cover and present rainfed land
uses and their hydrological properties; and other
land use/management practices, including irrigation demand and supply, as
well as domestic, industrial and livestock water abstractions from river runoff,
as well as from reservoirs, and return flows.
Within the model, the input information is transformed to produce the eventual
responses through the routines which represent the processes of each sub-system of
the hydrological cycle (e.g. the rainfall, interception, infiltration, stormflow
© Cal Wallingford 2002
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3 THE HYDROLOGICAL MODELLING SYSTEM
Owing to unavailability of observed records of pre-development streamflows over most of the
Thukela catchment. simulation modelling was applied to estimate the catchment's baseline
hydrological responses. The ACRU agrohydrological modelling system (Schulze, 1995;
Smithers and Schulze, 1995; Schulze, 2001) was selectedfor this task.
3.1 The ACRU Agrohydrological ModellingSystem
ACRU is a daily time step, physical-conceptual and multi-purpose agrohydrological
modelling system (Schulze, 1995) with options to output, inter alia, daily values of
stormflow, baseflow, peak discharge, reservoir status, recharge to groundwater,
sediment yield, as well as irrigation water supply/demand and additionally having the
facility to output seasonal yields of selected crops at any location within the
catchment, either with or without irrigation (Figure3.1).
The model revolves around multi-layer soil water budgeting concepts (Figure 3.2). It
is structured to be hydrologically sensitive to impacts of different catchment land uses
and changes thereof, including the impacts of reservoirs operations, run-of-river
abstractions, irrigation practices, urbanisation, afforestation and of enhanced
greenhouse gas induced climate change on catchment streamflow and sediment
generation.
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However, Phase I of the SBEEH bricf concerns itself with the availability of water
under baseline (i.e. non-anthropogenically influenced) land cover conditions; without
taking cognisance of the 'human imprints', as an indicator of an area's natural
endowment of water when quantifying a WPI. This brief is achieved by modelling
streamflow characteristics at the meso-scale within the Thukela catchment. The meso-
scale identifies subcatchments of lOs to 100s km2 in area which are usedas individual
or as interlinked operational hydrological units in the planning and implementation of
rural and small urban water supplies.
CEH Wallingford 2002
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ThukelaCatchment: LandUsetromLandsatTM(CSIR,1996)
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Thukela Catchment : Poverty Index
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Thukela Catchment : Mean Annual Evaporation (A-Pan)
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Mean annual potential evaporation (mm), using A-panequivalent valuesas the
reference, in the Thukela catchment (after Schulze, 1997)
2.3 Human Imprints on the Thukela Catchment
The Thukela catchment's natural land cover of mainly grasslands and savanna type
bushveld (c.f. Chapter 3) has been highly modified and impacted upon by humans.
This is illustrated clearly by the map of current land uses (Figure 2.8), which shows
activities such as mining and urbanisation, as well as commercial agriculture,
subsistence agriculture, irrigation and impoundments to be important. However, with
regard to water poverty, the substantial areas of degraded grasslands, thickets, an
bushveld (mainly through overgrazing) are first indicators of lack of sufficient water
in certain areas.
That large tracts of the Thukela catchment are socio-economically not well endowed
becomes evident from the perusal of an overall (not specifically water) poverty index,
which is made up of indicators such as income, levels of education and access to
adequate sanitation (Figure 2.9).
The above two examples of 'human imprints' on the Thukela catchment already point
to a complex juxtapositioning of developed vs underdeveloped elements in the
catchment, partially determined by the strong biophysical diversity described in
Sections 2.1 and 2.2, but largely influenced also by the socio-political history of the
area.
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Thukela Catchment : Means of Daily Maximum Temperatures
January means of daily maximum temperatures (°C) in theThukela catchment
(after Schulze
1997)
Thukela Catchment : Means of DailyMinimum Temperatures
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July means of daily minimum temperatures CC)in the Thukela catchment (after
Schulze, 1997)
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Thukela Catchment : Coefficient of Variation
(CV %) of Annual Subcatchment Precipitation
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Inter-annual coefficient of variation (CV %) of rainfall in the Thukela
catchment (Schulze, 1997)
Monthly means of daily maximum temperatures of the hottest month, January, are
generally between 26EC and 28EC with the highest means, (around 32EC), occurring
in the incised eastern valleys and the lowest (below 20EC) in the high Drakensberg
mountains (Figure 2.5). Winter (July) means of daily minimum temperatures range
from OEC in the Drakensberg mountains to IOEC at the coast (Figure 2.6). Illustrated
in Figure 2.7 is the distribution of average annual potential evaporation (E,p)using the
A-pan as a reference. Ep is relatively high at between 1600 and 2000 mm per annum
(Schulze, 1997). Highest monthly means of Ep (200 —220 mm) coincide with high
means of maximum temperatures in January and similarly the lowest values, still
around 100 —110 mm per month, occur in July (Schulze, 1997). In regard to a WPI, it
is significant to note that the ratio of annual Ep to annual rainfall in the Thukela is 2-
4, which classifies most of the area as semi-arid, despite the rainfall per se not
necessarily being low everywhere.
Physiographically and climatologically the Thukela catchment is, thus, a highly
diverse catchment, with first indications of water poverty already evident in the strong
seasonality and inter-annual variability of its rainfall, exacerbated by a very high
atmospheric demand which is expressed through the high values of potential
evaporation.
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Thukela Catchment : Altitude (from200m x 200m DEM)
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Figure 2.2 Topography of the Thukela catchment
Thukela Catchment : Mean AnnualPrecipitation(mm)
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Figure 2.3 Mean annual precipitation (mm)in the Thukela catchment (after
Dent, Lynch and Schulze, 1989)
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generation or groundwater recharge sub-systems) and the manner in which they
interact and are linked. The model also calculates thresholds at which catchrnent
responses occur and response rates change.
3.2 Preparation of ACRU Model Input and Sources of Information
3.2.1 Layout and configuration of the Thukela catchment system for simulation
purposes
At 29 035.9 km2. the Thukela catchment is a large system with marked spatial and
hydrological heterogeneity. For simulation modelling purposes, the catchment was
therefore discretised into 113 hydrologically relatively homogeneous subcatchments
(Figure 3.3) on the basis of the Department of Water Affairs and Forestry's (DWAF)
operational Quaternary Catchment (QC) delimitation which uses uniformity of soils.
land uses and topography, as well as present reservoirs as criteria.
Thukela Catchment : Subcatchment Numbers
25 0 25 50 75 100 km
The 113 subcatchments delimited within the Thukela and their numbering system
(after DWAF and Jewitt et al., 1999)
Dwarf's initial official subcatchment delimitation of 86 QCs within the Thukela was
extended by Jewitt et al. (1999), who considered Instream Flow Requirement (1FR)
monitoring sites, critical reach sites as well as other locations in the channel such as
water abstractions points and locations of proposed major dams where streamflows
may be significantly modified; hence 113 subcatchment outlets. The manner in which
the subcatchments were arranged and configured such that the simulated runoff would
be routed through the system in a downstream direction is illustrated in Figure 3.4.
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THUKELA CATCHMENT : SUBCATCHMENT CONFIGURATION
f
Subcatchment configuration and the routing of flows within the Thukela
catchment
3.2.2 Climatic variables
Minimum climatic information required per suhcatchment by the model is a time
series of daily rainfall together with monthly means of daily maximum and minimum
temperature and monthly totals of reference potential evaporation. Rainfall stations, in
and adjacent to the Thukela catchment. with long records of daily rainfall were
selected from the database maintained in the former Computing Centre for Water
Research (CCWR) for an initial assessment of their data to "drive" the catchment's
hydrological responses. Using a recently developed sophisticated technique (Smithers.
1998), missing daily records were in-filled for each of the rainfall stations before they
were further screened using a utility known as CALCPPTCOR(Pike, 1999) to choose
the most appropriate so-called "driver" station for each subcatchment. The
CALCPPTCOR utility also calculates a precipitation adjustment factor which, when
applied as a multiplier with the driver station's daily rainfall, is used to estimate a
representative daily areal rainfall for each subcatchment. Using this selection
procedure, 57 driver stations were eventually assigned to the 113 suhcatchments
(Figure 3.5). implying that many of the rainfall stations determined will "drive" the
hydrological responses of more than one subcatchment, albeit with a different daik
adjustment.
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ThukelaCatchment: "Driver"Rainfall Stations
Figure 3.5 Locations of the "driver" rainfall stations selected for this study
For each subcatchment, representative values of monthly A-pan equivalent reference
potential evaporation and means of daily minimum and maximum temperatures (c.f.
Figures 2.5, 2.6 and 2.7) were determined, based on input derived from one minute
latitude by one minute longitude gridded surfaces that were developed by Schulze
(1997). These are converted to daily values within the model by using a Fourier
Analysis.
3.2.3 Soils information
Soils play an important role as regulators of the rate and manner in which a catchment
responds, hydrologically, to a rainfall event by
influencing the rate of infiltration, thus dictating the timing and rate of
stormflow generation;
providing storage for soil water, which may become available for
evapotranspiration;
redistributing soil water, both within and out of the soil profile;
controlling rates of soil water evaporation and transpiration processes; and
influencing rates and amounts of drainage beyond the root zone and eventually
into the intermediate/groundwater zone, which feeds baseflow.
A GIS coverage of soil mapping units called Land Types was obtained for the
Thukela catchment from the Institute of Soil, Climate and Water (ISCW). The
coverage provides detailed information on percentages of soil series making up
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individual terrain units, together with certain physical characteristics, for each Land
Type. Using a soils decision support system known as AUTOSOILS (Pike and
Schulze, 1995), these properties were translated into hydrological variables for a two-
horizon soil profile, as required by ACRU (e.g. horizon thickness, critical water
retention constants, drainage rates and saturated overflow areas).
3.2.4 Land cover information
Like soils, land cover and land use/management systems have profound influences on
hydrological responses through seasonally variable canopy and litter interception
amounts, surface water detention, evapotranspiration rates, provision of protective
cover against soil particle detachment and loss from direct raindrop impact, as well as
extraction of soil water by plant roots. For this Phase 1 of the WPI study, hydrological
modelling is undertaken to evaluate strearnflows under baseline land cover conditions
to enable the estimation of primary water endowment, or natural water availability per
subcatchment. Acocks' (1988) so-called Veld Types (Figure 3.6), which are assumed
to represent natural vegetation classes, have become the standard land cover used for
baseline hydrological studies in South Africa. The ACRU-related attributes of the
Veld Types have been determined by Schulze (2001). The hydrological variables and
associated values for the Veld Types found in the Thukela catchment are given in
Table 3.1.
Thukela Catchment: BaselineLand Cover
Representedby Acocks' (1988)Veld Types
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Table 3.1Hydrological attributes of the Acocks' (1988) Veld Types, which represent
baseline land cover in the Thukela elitehment (Schulze, 2001)
Veld TeVariable Jan Feb Mar A r May JunJul Aug SeOct Nov Dec
Coastal ForestCAY0.85 0.85 0.85 0.85 0.75 0.65 0.65 0.75 0.850.85 0.85 0.85
andThornveld VEGINT 3.10 3.10 3.10 3.10 2.50 2.00 2.00 2.50 3.103.10 3.10 3.10
ROOTA 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.750.75 0.75 0.75
COIAM 0.30 0:30 0.30 0.30 0.30 0.30 0.30 0.30 0.300.30 010 0.30
NgongoniCAY0.70 0.70 0.70 0.65 0.55 0.50 0.50 0.55 0.600.65 0.65 0.70
Veld -VEGINT 1.40 1.40 1.40 1.40 1.30 120 1.20 1.30 1.401.40 1.40 1.40
ZululandROOM 1.40 1.40 1.40 1.40 1.30 1.20 1.20 1.30 1.401.40 1.40 1.40
COIAM 0.20 0.20 0.25 0.30 0.30 0.30 0.30 0.30 0.300.30 0.25 0.20
HighlandCAY0.70 0.70 0.70 0.50 0.30 0.20 0.20 0.20 0.500.65 0.70 0.70
SourveldVEGINT 1.60 1.60 1.60 1.40 1.20 1.00 1.00 1.00 1.301.60 1.60 1.60
and DaneROOTA 0.90 0.90 0.90 0.95 1.00 1.00 1.00 1.00 0.950.90 0.90 0.90
SourveldCOIAM 0.15 0.15 0.25 0.30 0.30 0.30 0.30 0.30 0.300.30 0.20 0.15
Natal Mist Belt CAY0.70 0.70 0.70 0.50 0.35 0.25 0.20 0.20 0.550.70 0.70 0.70
Ngongoni Veld VEGINT 1.50 1.50 1.50 1.30 1.10 1.10 1.10 1.10 1.401.50 1.50 1.50
ROOTA 0.90 0.90 0.90 0.94 0.96 1.00 1.00 1.00 0.950.90 0.90 0.90
COIAM 0.15 0.15 0.20 0.30 0.30 0.30 0.30 0.30 0.300.30 0.20 0.15
Themeda Veld CAY0.65 0.65 0.65 0.50 0.40 0.20 0.20 0.20 0.350.55 0.65 0.65
orVEGINT 1.20 1.20 1.20 1.10 1.00 0.90 0.90 0.90 1.101.20 120 1.20
Turf Highveld ROOTA 0.90 0.90 0.90 0.95 0.95 1.00 1.00 1.00 0.950.90 0.90 0.90
COIAM 0.15 0.15 0.25 0.30 0.30 0.30 0.30 0.30 0.300.30 0.25 0.15
Turf HighveldCAY0.60 0.60 0.60 0.52 0.40 0.20 0.20 0.20 0.350.50 0.60 0.60
to HighlandVEGINT 1.30 1.30 1.30 1.20 1.00 0.90 0.90 0.90 1.101.20 1.30 1.30
Sourveld Veld ROOTA 0.90 0.90 0.90 0.95 0.95 1.00 1.00 1.00 0.950.90 0.90 0.90
TransitionCOIAM 0.15 0.15 0.25 0.30 0.30 0.30 0.30 0.30 0.300.30 0.25 0.15
North-EasternCAY0.62 0.62 0.60 0.50 0.35 0.20 0.20 0.20 0.350.50 0.62 0.62
SandyVEGINT 1.30 1.30 1.30 1.20 1.00 1.00 1.00 1.10 1.201.30 1.30 1.30
HighveldROOTA 0.90 0.90 0.90 0.95 0.95 1.00 1.00 1.000.95 0.90 0.90 0.90
COIAM 0.15 0.15 0.20 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.25 0.15
Piet RetiefCAY0.70 0.70 0.70 0.55 0.45 0.20 0.20 0.20 0.50 0.60 0.70 0.70
SourveldVEGINT 1.30 1.30 1.30 1.30 1.10 1.00 1.00 1.00 1.201.30 1.30 1.30
ROOTA 0.90 0.90 0.90 0.90 0.95 1.00 1.00 1.00 0.95 0.90 0.90 0.90
COIAM 0.15 0.15 0.25 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.20 0.15
SouthernTallCAY0.75 0.75 0.75 0.50 0.40 0.20 0.20 0.20 0.55 0.70 0.75 0.75
GrassveldVEGINT 1.60 1.60 1.60 1.60 1.50 1.40 1.40 1.40 1.501.60 1.60 1.60
ROOTA 0.90 0.90 0.90 0.95 0.95 1.00 1.00 1.00 0.95 0.90 0.90 0.90
COIAM 0.15 0.15 0.20 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.20 0.15
Natal Sourveld CAY0.75 0.75 0.70 0.50 0.35 0.20 0.20 0.20 0.50 0.65 0.70 0.75
VEGINT 1.80 1.80 1.80 1.80 1.60 1.40 1.40 1.40 1.501.70 1.80 1.80
ROOTA 0.90 0.90 0.90 0.95 0.95 1.00 1.00 1.00 0.95 0.90 0.90 0.90
COIAM 0.15 0.15 0.20 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.25 0.15
-egend: CAY water use(i.e. crop) coefficient
VEGINT canopy interception (mm/rainday)
ROOTA fraction of roots in the topsoil horizon
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COIAM coeffieient of initial abstraction (i.e. infiltrability
index)
Monthly values corresponding to each Veld. Type were weil!hted accordine to the
percentage areas of the Veld Types found in each subcatchment. For this Phase of the
WPI study, therefore, no land and water resources development was assumed to have
taken place, and hence the impacts of land uses and abstractions/return flows of water
from streams and reservoirs on streamflows were not considered.
3.3 Verification and Validation Studies of Streamflow Responses
To engender confidence in the AGRI] model's outputof hydrological responses from
baseline land cover conditions, verification studies have been undertaken on
catchments under pre-development land cover conditions. An example from the
Cathedral Peak hydrological research station's Catchment II (1.94 km-). which is
under natural grassland, is given in Figure 3.7.
However, owing to the unavailability of observed streamflow data from other
catchments in the Thukcla under baseline land cover conditions, a validation task was
undertaken to visually check the overall plausibility of the model output. Thc results
are illustrated in Figure 3.8, where simulated mean annual runoff, MAR, is plotted
against MAP for each of the 113 subcatchments
In accordance with hydrological theory. MAR increases eurvilinearly with increasing
mean annual rainfall. The trend is clearly mident in Figure 3.8. A map of
subcatchments' rainfall-runoff ratios in Figure 3.9 further highlights the above
curvilinear trend. The trends in this validation are in accord with results from other
studies conducted in thc Thukela catchment (e.g. Schulze. 1979; Jewitt et al.. 1999).
The above results are interpreted as an indication that representative results are
produced by the ACRU model, thus lending credibility to the conclusions drawn from
the simulation results, which are assessed in the next two chapters.
400
Monthly
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200
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Years
ACRU model Verification from Catchment II at the Cathedral Peak hydrological
research station (after Schulze and George, 1987)
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Thukela Catchment: Rainfall vs Runoff
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4 SPATIAL VARIATIONS OF STREAMFLOW CHARACTERISTICS WITHIN
THE THUKELA CATCHMENT
The success of the verification and validation studies presented in Chapter 3 provides
the all important confirmation of the ACRU model's output being considered realistic
under baseline land cover conditions. The results of this study are presented in two
chapters. In this chapter an analysis of baseline strearntlow characteristics in the
Thukela catchment in its entirety is presented, followed in Chapter 5 by an assessment
of baseline streamflow characteristics at the selected WPI case study locations, viz. at
Keates Drift and Wembezi.
Thukela Catchment : Mean Annual
Streamflows (mm) per Subcatchment
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4.1 Spatial Variations of Subcatchment MARwithin the Thukela Catchment
Figure 4.1 shows the spatial variations of individual subcatchment MAR within the
Thukela catchment. The average MAR for the catchment is 136 mm. MAR values per
subcatchment vary widely, from less than 25 to over 250 mm. High runoff values are
simulated in the southwest and northern sections of the catchment which make up
parts of the high Drakensberg range of mountains. Other high values occur in the
southeastern tail of the catchment along the Indian Ocean, which has a maritime
climate. Save for a few patches of MAR > 150mm, values ranging from 25 to 150 are
simulated in the relatively dry central parts of the catchment.
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These patterns have important implications on water resources development and water
poverty. With most of the streamflows generated in the high altitude, rugged and
sparsely inhabited western fringes, and less being produced in the lower lying plains
and valleys which contain most of the farmlands, towns and especially the poor rural
communities, it has become imperative that the mountain-fed main streams be
impounded, also as a result of the strong seasonal nature of the flows, to ensure year-
round sustained water supplies. Implications on rural communities will be discussed
in the section outlining results at the two specific WPI survey sites.
4.2 Inter-Annual Coefficients of Variation (CVs) of Streamtlows from
Individual Subcatchments
Low CV values depict small year-to-year variations of annual runoff from the mean
while the converse holds for high CVs. The spatial patterns of the CVs in the Thukela
catchment (Figure 4.2) inversely mimic those of MAR. Subcatchments for which
high MAR values are simulated portray correspondingly low values of CV, and vice-
versa. The coastal stretch is an exception, as values of both MAR and CV are high.
These high CVs of annual streamflows present a major challenge to planners in poor
communities, many of whom are, as yet, without any reticulated water. The above
picture of high inter-annual variability is exacerbated by the fact that
most of the rural poor communities within the Thukela catchment live in those
areas with high CVs,
both intensification and extensification of land uses have been shown, to
amplify streamflow variabilities in the Thukela catchment (Schulze et cd.,
1997; Schulze, 2000), and
the CVs depicted in Figure 4.2 are of the "mildest" form because CVs of
streamflows for individual months are several times higher thanthose of
annual flows (Schulze, 2000; also Chapter 5)
Thukela Catchment : Coefficient of Variation (cv)
of Annual Subcatchment Streamflows (mm)
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Thukela Catchment : Mean AnnualAccumulated
Streamflows (mm)
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Figure 4.3 Accumulated MAR (mm) in the Thukela catchment
4.3 Spatial Variations of Mean Annual Accumulated Streamflows
Figure 4.3 shows means of annual accumulated streamflows in the Thukela
catchment, where accumulated flows incorporate the (usual dampening) effects of all
upstream flows, as well as flows from the subcatchrnent under consideration.
High streamflows are once again simulated in the Drakensberg region and also along
internal subcatchments, i.e. those subcatchments that receive streamflow contributions
from upstream subcatchments. These high runoff internal subcatchrnents are clearly
those along the mainstern of the Thukela River and its major tributaries such as the
Mooi, Sundays, Bushmans and Buffalo rivers. Other than in the Drakensberg, external
subcatchments generally have the lower streamflow values than internal ones.
The implication of this pattern is that, although the Thukela catchment appears to
have abundant available water, most of that water is concentrated along the major
tributaries and the mainstem Thukela itself It should, furthermore, already be noted at
this juncture that most of the rural poor communities do not, however, live along
mainstem rivers with high accumulated flows. There is a further constraint to
indigenous rural communities not having ready access to available water, other than
not being located along intemal/mainstem riven, and that is that within a
subcatchment the communities/households tend to be located close to watershed
boundaries where their supply of surface water would come from first order
headwater streams which are frequently ephemeral in flow, rather than from second or
third order streams with more consistent flows.
SW IOW
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4.4 Inter- Annual CoeffIcient of Variation of Accumulated Streamflows
Thukela Catchment : Coefficient of Variation
(cv) of Annual Accumulated Streamflows (mm)
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Inter-annual coefficients of variation (CV%) of accumulated streamflows within
the Thukela
The CVs of accumulated flows (Figure 4.4) display inverse patterns to those of the
accumulated flows themselves. Low CVs occur along the main channel and major
tributaries, while high values occur in external subcatchments. This observation once
again highlights the fact that water users who are located near the majortributaries are
generally assured of more consistent supply than those who live in external
subcatchments. This is of particular relevance in water poverty studies when
considering those rural communities with no formal water supply schemes laid on as
yet.
5 STREAMFLOW CHARACTERISTICS AT SPECIFIC W.P.I.CASE STUDY
LOCATIONS IN THE THUKELA CATCHMENT
5.1 Background
As a central focus of the WPI project, in-depth case study surveys of household water
use and accessibility were conducted at two locations within the Thukela catchment,
viz. at Keates Drift and Wembezi (Figure 5.1). In South Africa, these surveys were
carried out by Zulu speaking students from the SBEEH on behalf of the GeoData
Institute from the University of Southampton in the UK. The sections which follow
outline the objectives of the analyses, describe field survey locations and present
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results of the analyses of streamflows simulated for the subcatchments in which these
sites are located.
5.1.1 Objectives of the hydrological analyses
The objectives of the hydrological analyses which follow for Keates Drift and Wembezi are
to present and interpret output statistics of simulated baseline flows, including flow
variability, on a month-by-month basis rather than only as annual totals,
to interpret time series of streamflows to establish patterns of flows, particularly
during low flow months, and
to evaluate flow duration curves for total, high flow month and low flow month
conditions in order to establish patterns of flow at critical threshold occurrences,
to distinguish between respective contributions of stormflows and baseflows to total
streamflows.
5.1.2 Keates Drift
Keates Drift (KD) was selected to represent a poor rural indigenous community consisting of
scattered non-nucleated households, where one section of the community, viz. Ethembeni,
already has access to potable water from a pre-paid token (akin to debit card) system at
scattered water points, while the other section of the community at KwaLatha has no water
service provision as yet and water has to be collected from rivers and springs.
The Keates Drift communities are located close to the Mooi River along the Greytown-
Dundee road at latitude 28E5 I'S, longitude 30E30'E and altitude about 700 m. The
subcatchment in which these communities are located is SC99 (Figure 33) which has an area
of 309.77 km2, while the accumulated upstream area of the Mooi at Keates Drift is 2880.22
km2.
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Thukeia Catchment : Surveyed Communities
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Location of the case study sites within the Thukela catchment
5.1.3 Wembezi
Wembezi (WB) was selected to represent pen-urban township conditions. One section of the
population, viz. at Depot, lives in formal housing with running water while the other, poorer
community, Section C, lives more under shack conditions with no individual household water
supply, but with communal standpipes approximately 150 m apart. Wembezi is a satellite
township near Estcourt. Located at 29E03'S, 29E47'E and at an altitude of 1400m, Wembezi
flanks the Bushman's River. The subcatchment in which it is located is SC23 (F4ure 33)
with an area of 77.86 km' and the total catchment area upstream of WB is 195.55km-.
5.2 An Overview of Streamflow Statistics
The tables with streamflow statistics which follow all have mm equivalent flows as the unit
rather than m3, in order to represent flow equivalents per unit of area. The 10th percentile of
flow exceedence represents flows in the driest month/year in 10, the 20th percentile the driest
in 5, the 90th percentile the wettest in 10, and so forth. Also note that monthly percentile
flows are computed for that particular month only and that the 12 monthly totals of percentile
flows therefore do not add up to the annual total, which computed separately. Furthermore,
note that because the ACRU model simulates a subcatchment's stormflows and baseflows
explicitly (i.e. without recourse to baseflow separation curves), the statistics on stormflow and
baseflow are available only for flows of an individual subcatchment and notfor accumulated
flows from upstream, in which case mixing of these two streamflow components has already
taken place.
CEHWallingford 2002
Appendix 9.14
Table 5.1 Statistics on monthly and annual simulated total strearnflowsgenerated under
baseline land cover conditions from the individualsubcatchment SC23 at
Wembezi


Jan Feb Mar A r Ma Jun Jul Au Se Oct Nov Dec Annual
Mean 17.5 19.2 12.0 3.8 1.8 0.7 0.7 2.7 9.3 7.5 9.5 16.0 100.7
Std. Deviation 18.8 22.4 14.1 4.6 2.7 0.9 1.3 5.7 28.0 12.2 9.6 15.7 75.5
CV % 107.8 116.8 117.5 121.4 149.9 1312 176.4 210.6 302.2 161.0 101.4 98.1 75.0
Skewness Coef. 1.6 1.9 2.5 2.0 2.3 1.8 4.5 2.7 5.0 2.7 1.9 1.7 1.9
Kurtosis Coef. 2.3 3.8 7.0 3.9 5.1 2.9 24.8 6.7 27.2 7.6 4.4 2.9 5.4
10th Percentile 1.7 1.5 1.5 0.3 0.0 0.0 0.0 0.0 0.1 0.5 1.0 3.1 22.3
20th Percentile 3.1 2.5 2.1 0.6 0.1 0.0 0.0 0.1 0.2 0.9 2.7 3.3 46.3
50th Percentile 10.1 10.3 8.7 2.3 0.9 0.3 0.3 0.4 0.6 2.5 6.4 12.7 83.3
80th Percentile 29.8 37.1 18.1 6.2 2.3 1.1 1.2 2.6 7.9 10.3 15.2 24.7 147.0
90th Percentile 41.6 47.1 22.8 12.1 5.0 2.1 1.7 10.2 22.7 22.8 22.0 33.9 178.0
Table 5.2 Statistics on monthly and annual simulated total streamflows generated under
baseline land cover conditions from the accumulated area upstream of Wembezi
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Table 5.3 Statistics on monthly and annual simulated stormflows generated under baseline
land cover conditions from the individual subcatchmentSC23 at Wembezi


Jan Feb Mar A r Ma Jun Jul Au Se Oct Nov Dec Annual
Mean 16.0 17.4 9.8 2.1 0.8 0.1 0.4 2.4 8.2 4.9 7.6 14.5 84.3
Std. 18.4 20.8 12.2 3.8 1.8 0.2 1.2 5.4 26.3 7.0 7.4 15.1 58.0
CV % 115.2 119.6 124.6 178.5221.7 158.1316.5229.6 319.0 143.297.4 103.7 68.8
Skewness 1.7 1.8 2.2 3.1 2.9 2.2 5.6 2.8 5.2 2.2 1.9 1.8 1.9
Kurtosis 2.8 3.6 5.3 10.4 8.7 5.0 34.1 7.5 29.3 4.1 4.0 3.2 5.9
10th 1.5 1.4 0.7 0.1 0.0 0.0 •- 0.0 ....0.0 0:1 - -0.4 -1.0 1.9 21.8
20th 2.5 2.0 1.2 0.3 0.0 0.0 0.0 0.0 0.1 0.7 2.6 3.2 40.6
50th 9.4 8.3 5.2 0.6 0.1 0.0 0.0 0.2 0.4 1.8 4.7 8.1 75.1
80th 28.2 30.8 15.9 3.0 0.5 0.2 0.3 1.9 4.5 7.6 11.3 24.6 129.2
90th 37.9 42.4 22.8 4.5 3.0 0.3 0.8 9.9 22.7 14.8 19.3 29.4 140.2
Table 5.4 Statistics on monthly and annual simulated baseflowsgenerated under baseline
land cover conditions from the individual subcatchmentSC23 at Wembezi
v Ju a
CV (%) 183.3 173.8 184.8 177.2 158.3 154.6 154.6191.6 275.1 313.4 252.7 185.4 146.5
0 cEn Wallingford 2002
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Statistics on monthly and annual simulated total streamflows generated under
baseline land cover conditions from the individual subcatchment SC99 at Keates
Drift


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean 28.7 24.4 15.9 4.2 3.3 0.9 1.8 4.2 9.4 9.1 10.1 19.6 131.5
Std. 34.0 33.6 21.6 7.0 11.3 1.8 5.0 9.4 36.2 148 12.0 28.4 82.4
CV (%) 118.7 137.8 136.1 166.5 343.0 197.7 281.2 224.1 386.6 162.3 118.6 145.3 62.7
Skewness 2.2 2.8 2.2 2.8 5.7 2.7 4.1 2.6 5.8 3.7 1.5 5.0 1.2
Kurtosis 4.3 9.5 4.9 8.8 34.8 6.9 17.7 5.5 36.0 16.6 1.4 28.8 2.0
10th 3.0 1.0 0.7 0.2 0.0 0.0 0.0 0.0 0.0 0.3 0.6 2.4 47.1
20th 6.5 4.3 1.2 0.3 0.1 0.0 0.0 0.1 01 0.6 1.2 5.8 66.6
50th 18.0 10.9 5.4 1.1 0.5 0.1 0.2 0.3 0.6 5.7 4.8 13.3 108.9
80th 38.5 41.4 25.2 5.9 2.1 1.1 1.2 2.8 7.8 13.2 18.0 25.4 201.0
90th 85.0 58.4 49.3 12.4 4.5 3.7 4.3 7 7.9 12.2 23.6 29.4 29.8 228.6
Table 5.6Statistics on monthly and annual simulated total streamflows generated under
baseline land cover conditions from the accumulated area upstream of Keates
Drift
JanFeb Mar Apr May JunJulAugSeOctNov Dec Annual
Mean 20.8 18.1 14.5 5.5 14 1.7 1.2 2.7 7.2 7.6 10.2 18.5 111.4
Std. 14.3 13.2 12.6 4.7 4.5 2.5 1.5 4.3 24.2 12.1 7.6 9.7 62.0
CV (%) 68.7 72.9 87.1 85.3 134.7 145.3 128.4 158.5 335.2 158.7 74.8 52.5 55.6
Skewness 1.2 1.1 2.3 2.1 3.7 3.9 2.9 7 .9 5.9 3.3 1.3 1.2 2.1
Kurtosis 1.0 1.2 7.3 5.1 12.8 18.7 10.6 10.0 36.8 11.6 1.5 1.3 5.1
10th 7.5 4.4 3.8 1.6 0.4 0.2 0.1 0.3 0.3 1.3 2.5 7.4 59.1
20th 8.8 5.7 5.0 2.2 0.7 0.5 0.2 0.3 0.4 1.7 3.3 11.5 67.3
50th 16.5 15.3 11.0 4.2 1.9 1.1 0.6 1.2 1.0 3.3 8.7 15.6 95.3
80th 32.0 29.7 22.3 8.2 4.8 1.9 1.9 3.5 4.8 8.6 13.8 24.6 128.7
90th 44.4 37.9 27.5 10.4 8.8 4.9 3.1 8.2 12.6 13.5 20.0 31.3 175.4
Table 5.7 Statistics on monthly and annual simulated stormflows generated under baseline
land cover conditions from the individual subcatchment 5C99 at Keates Drift
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OctNovDecAnnual
6.500116.6
SW. 33.5 33.5 20.8 6.310.5 1.4 3.8 8 7 35.1 8.3 10.6 26.8 68 7
CV (%)1 7.1 145.0 141.3 193430.4 394.8 326.0 245.1 435.5 127.2 133.0 148.8 59.0
Skew e.:s 2 1 7 8 .3 3.05.7 4.8 16 2.7


7.6 / 0 4.8 .0
Kurtosis 4.0 10. 5.6 1( .34.7 7 2.9 12.1 6 38.0 9.0 4.0 26 9 1.6
10th 2.8 0.9 0.6 0.10.0 0.0 0.0 0.0 0.0 0.3 0.5 2.2 41.1
70th 5.3 6 0 0 20 ) 0.0 0 0.0 0.0 0 0 7 5.6 65.
50th 16.2 9.9 5.2 0.60. I 0.0 0.0 0., 0. 4.0 7.1 10 97.1
801 35 40.4 24. 3.80 4 0.2 0.7 1.4 3.3 10.3 14.0 24.1 164.9
th .8 54.5 ( 10 70 0.4 7 17.8 8.1 14 7 77 78 704.9
Table 5.8 Statistics on monthly and annual simulated baseflows generated under baseline
land cover conditions from the individual subcaichment SC99 at Keates Drift


Jan Feb Mar Apr May Jun Jul AuP..Sep Oct Nov Dec Annu
Mean 1.2 1.3 1.1 1.0 0.9 0.6 0.6 0.6 1.3 2.6 2.1 1.6 14.9
Std, Deviation 2.9 7 .6 2.1 2 .0 1.6 1.3 1.6 1.6 3.0 7.3 5.4 3.6 2 3.0
CV (%) 7 29. 206. 182. 194. 190, 220 266. 7 57. 7 33. 283. 253. 7 30. 154.0
Skewness 3.6 2.9 3.1 3.4 2.4 3.6 4.7 3.4 2.5 4.1 3.5 2 .9 7 .1
Kurtosis Coe!. 14.8 9.7 17.7 14.4 5.1 15.0 25.8 10.6 5.1 19.0 13.6 8.0 4.7
10th 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20th 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
50th 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 3.5
80th 1.7 7 .0 1.9 1.9 1.4 0.8 0.7 0.6 0.8 2.5 3.1 7 .0 74.5
90th 4.4 4.7 3.9 3.4 2.7 1.6 1.6 1.3 5.0 7.1 5.7 4.8 48.8
The following may be gleaned from Tables 5.1 to 5.8:
A strong seasonality of flows is evident at both sites. with very low winter month
flows (June' - August) compared with high summer month flows (November -
February).
Total streamflow is dominated by stormflows (83.7% of the total flows at Wembezi.
88.7% at Keates Drift). indicative of the episodic and pulsar nature of rainfall events
in the Thukela, which often occur as thunderstorms.
Strearnflow variability from year to year for anygiven month is very high. For the
individual suhcatchments. at Wembezi 11 of the 12 months have CVs > 100%. at
Keates Drift it is 12 out of 12.
It is notable that median monthly flows (i.e. 50th percentile) are markedly lower than
mean monthly flows, panicularly in the low flow months (e.g. at Wembezi in August:
0.4 mm vs 2.7 mm). This non-normality of the flow distribution manifests in very
high coefficients of skewness.
While haseflows only make up 16.3% of the annual flows in the Wembezi
subcatchment, and 11.3 % at Keates Drift. they do play an imp(mant role in the low
flow season. For the period June to August. for example. baseflows make up 34 %
and 26 % respectively of total flows at Weil-IN:Aand Kcates Drift.
According to the ACRU model simulations. haseflows are not generated at all in any
month of the year. in the driest year in 5 or condition drier than that at Wembezi and
in the driest year in 2 or drier at Keates Drift.
Where a total upstream catchment is lame. as is the case at Keates Drift. CVs of
monthly (and annual) flows are considerably lower than those from an individual
subcatchmcnt. For example. CVs are < 100 % in 6 of 12 months for accuinulated
flows vs 0 out of 12 months for individual subcatchment flows at Keates Drift. This is
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not the case with the small total area upstream of Wembezi, however, where
accumulated flows are more variable than those of the local subcatchment.
5.3 Interpretation of the Time Series of Streamflows
Visual interpretation of the time series of annual streamflows in the subcatchmerits in which
Keates Drift and Wembezi are located (Figure 5.2)highlights the following:
There is a high inter-annual variability of flows.
More importantly from a WPI perspective is that, in addition to isolated years with
very high flows (e.g. 1957, 1976. 1987 at Keates Drift), sequences or clusters of
persistent annual high flows occur, as do sequences of years of persistent low flows.
The persistent low annual flows of the early 1960s, 1980s and especially 1990s have
well documented associations with strong El Nina events.
Neither the isolated high annual flows nor the consecutive years of lows necessarily
occur at the same time or at the same strength at the two locations, which are only 75
km apart. For example, the sequence of low annual flows at Wembezi in the early
1990s is much stronger at Keates Drift.
The implications of persistent low annual flow sequences for a WPI are quite
profound, in that any storage of water will have to be large enough to withstand
hydrological droughts of several years' duration.
More significant for communities dependent on local surface water supplies are the patterns
of the flow sequences in the low flow months, viz. June to August (Figure 5.3). The following
may be oserved:
Inter-annual comparisons for the specified low flow months display a much more
jagged pattern than for annual flows, particularly in the late low flow season (July —
August).
Prolonged hydrological droughts, i.e. when all three months have below average
flows for several successive years, can be pronounced, as in the early 1960s, late
1960s and the decade 1975 —85 at Wembezi.
Again, differences occur in the low flow season persistencies at the two locations.
The time series analyses highlight the necessity for monthly to seasonal streamflow
forcasting to be tested and applied as a planning and operational tool for water poor
areas.
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5.4 Evaluation of Flow Duration Curves for Year Round Flowsand for High
and Low Flow Months
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Flow duration curves (FDCs) show the percentage of time that a specified flow is exceeded or
not. When evaluated together with a population or development-driven water demand, a FDC
can be used as an indicator of the proportion of time that water stress occurs, either in regard
to too much water (low percentage exceedence) or too little water (high percentage
exceedence).
Figures 5.4 and 5.5 illustrate the following:
In absolute terms (i.e. m3.s.1 of water available), the proximity of a mainstem river
commanding a large upstream catchment area (as at Keates Drift) provides a much
more sustained water availability than a smaller catchment would (Figure 5.4 top vs
Figure 5.5 top). Unfortunately, the rural poor do not always have access to water
from rivers with large upstream catchments.
Secondly, sustained water yield above a critical threshold of flow in months with
high streamflows (e.g. January) is just so much more readily available than in months
with low flows, e.g. July (Figure 5.4 bottom vs figure 5.5 bottom).
While being informative on percentage exceedences of flows of a given magnitude,
the FDC does not, however, address the issue of persistent sequences of high or low
flows.
For the purposes of comparing streamflow generation from large vs small catchments, FDCs
may be expressed in terms of a unit area, i.e. m3.s"' km-1. Such a comparison is made in
Figure 5.6.
While results look deceptively similar, close scrutiny shows that from a WPI perspective, i.e.
at the low end of streamflow generation for which flows are exceeded frequently,
a unit of area upstream of Keates Drift generates considerably more streamflow than
upstream of Wembezi and that
an individual subcatchment may reverse a trend when its flows are compared with
those of the accumulated flows of the total upstream catchment, as is the case at
Wembezi for high flows occurring less frequently than 7 % of the times.
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5.5 Contributions of Stormflows and Baseflows to Total Streamflows
The respective contributions to total flows of stormflows (Q) and baseflows (Qb) are a
reflection not only of the type of rainfall generating mechanism in a region, but have an
influence also on water quality. For example. high stormflows are associated with high
sediment and phosphorus yields; high baseflows have bearing on nitrate concentrations of
streamflows.
The dominance of stormflows at both Keates Drift and Wembezi has already been
emphasised. This is borne out graphically for the two casestudy locations in Figures 5.7 (top)
and 5.8 (top). In relative (percentage) terms, the middle diagrams of Figures 5.7 and 5.8 show
that only in June at Keates Drift and only from May - July at Wembezi, do baseflows
contribute more to total flows than stormflows. The bottomdiagrams of Figures 5.7 and 5.8
illustrate that for median flows, the dominance of Q, overQh is even greater than for means,
because the means are influenced by extreme events whichtend to produce more baseflows.
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6 LESSONS LEARNED AND THE ROAD AHEAD
6.1 Why Water Poverty Indicators at the Meso-Scale?
Water stress and water poverty indices tend to be developed for, and applied at, either
macro-scales on a country or major cr:::hment level, or on the other hand, at the
micro-scale the individual rural communities. At the macrb-scale little to no
indication is given to where, when, how often, or for what duration water stress occurs
at a given point of interest within the country, while at community scales in-depth
studies tend to be undertaken in isolation of broader operational water resources
issues.
This evaluation of indicators of water poverty under baseline conditions in the
Thukela catchment has focussed on the meso-scale, i.e. at catchments in the range of
lOs to 100s km- in area. Two reasons are forwarded for developing a WPI at this
scale:
It is at the meso-scale that the intra-catchment streamflow response differences
can be identified, i.e. the where, when, how frequently or how persistently
water is available at a location of interest.
It is, furthermore, at the meso-scale that water resources planners operate and
many decisions on integrated water resources management are made.
61 What Lessons Ilave Been Learned from the Thukela Catchment in
Regard to the Development of Water Poverty Indices?
0) Primary indicators of potential water stress occurrence within the Thukela may
already he gleaned from simple hydroclimatic analyses such as those on mean
annual precipitation and its spatial variation (Figure 2.3), the seasonality of
rainfall, its inter-annual variability (Figure 2.4) and potential evaporation rates
(Figure 2.7).
The amplification of any changes in rainfall patterns in hydrological responses
cannot be over-emphasised. For example, a 3- to 4-fold range of MAP within
the Thukela manifests itself as a 10-fold range in subcatchment streamflows,
with MARs ranging from < 25 mm to > 250 mm (Figure 4.1).
The hydrological amplification is even more pronounced in the inter-annual
variabilities, with CVs of annual rainfalls around 20% (Figure 2.4) converting
to CVs of annual streamflows of 40 to 100% (Figure 4.2).
Variabilities of annual totals are the "mildest- form of assessing dispersion
about the mean, with CVs of monthly streamflows being consistently and
considerably higher than those of annual streamflows (Tables 5.1 to 5.8). To
us it is imperative that this observation needs to he factored into a realistic
WPI if it is to bc applicable in rural areas with poor infrastructure.
In the Thukela catchment, and probably in many other catchments in South
Africa, the rural poor for historical reasons and more recently for more
political reasons settled in those parts of the catchments characterised by
higher climatic/hydrological variability. This renders rural poor communities
even more vulnerable to water stress than had they settled more randomly
throuahout the catchment.
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(v ) Mainstem rivers and large tributaries generally produce higher and more
sustained flows and have dampening effect on flow variability when compared
with flows from individual subcatchments (Figures 4.3 and 4.4. Tables 5.1 to
5.8).
(vii) However, the rural poor in the Thukela catchment tend not to live close to
larger rivers. In fact, they often live close to watershed boundaries where
streams are more prone to he ephemeral rather than permanently flowing. This
observation needs quantification a:Id v.rification, however.
Median (i.e. statistically expected) monthly and annual flows within the
Thukela catchment arc considerably-lower than their corresponding means
(Tables 5.1 to 5.8). This indication of skewness in the distribution of
streamflows further exacerbates water stress and ideally needs to be accounted
for in a WPI.
Time series of streamflows of the 46 year period of simulation display long
sequences of years with persistent low flows, both for annual flows and the
low flow months (Figure 5.2). These long sequences of low flows place a
heavy burden on the water-poor communities.
Long low flow sequences are closelyassociated with the well documented El
NinO phenomenon in South Africa and if seasonal climate forecasting skills
were to increase, rural communities concerned with water security would be
important beneficiaries of such forecasts.
The low flow persistencies furthermore imply that any impoundments
designed to store water have to be large in order to cope with frequent
occurrences of low inflows and high demands.
Any water alleviation planning on WP1s should include flow duration curves
as an input. In particular where local community planning is undertaken, the
value of Unit FDCs (i.e. flows generated per km') should not be
underestimated as a design tool (Figure 5.6).
6.3 The Road Ahead
The main objective of this study in the Thukela catchment has been to assess the
primary natural endowment of streamflows under baseline land cover conditions at
the meso-scale level, as an indicator of the potential availability of water and its
constraints to development, with specific reference to contributing towards the
quantification of a Water Poverty Index. A number of the streamflow attributes which
were evaluated were found to have potential for inclusion in a WPI.
This first phase of the study has not, however, yet taken cognisance
of present land use impacts on flow characteristics, through agricultural
intensification or extensification, degradation, urbanisation, mining activities,
or the major inter-basin transfers out of the Thukela system of over 600 x
106m' per annum out of a total water resource of 4000 x I 06m3per annum,
of the above impacts on water quality and recharge to groundwater, or
of population distributions and their water demands.
In particular the distribution of where the "water poor" populations reside has to be
identified, not only in which subcatchments they reside, but also with respect to
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where, within a subcatchment, they are located with respect to more local streamflow
variability.
The aboveare the challenges to be considered in further phasesof WPI studies.
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Towards the sustainable management of water. The
contribution of research in Green Accounting to
the construction of a Water poverty Index.
Dr Sandrini• Simon, Open University, Milton Keynes, UK
5.1 Introduction
There is no life without water. Water is absolutely central to ow survival and to
societal and environmental vitality. We are now realising the critical importance of
the way in which we manage this resource. Its over-exploitation and its pollution
beyond levels of abatement by natural ecosystems threaten the whole hydrological
system. and hence the availability of safe water we can consume. The dimensions of
the water crisis we are now experiencing are crucially important. and the need to
address them only recently realised.
Following the statements and conclusions derived from the 1972 Stockholm
conference on the Environment and Development, the 1977 Mar Del Plata Water
Conference, the 1992 Dublin Statement, Chapter 18 of Agenda 21 from the Rio
conference, thc Global Water Partnership and many other international meetings, we
are getting progressively ready to broaden water policy to include issues of imter
sustainability. equity and security. New definitions and concepts arc needed to make
us understand thc dynamic behind water management in a more integrated and
holistic way. but also to modify our water policies in such a way that the integrity of
water resources and ecosystems and their environmental sustainability is maintained
as a prerequisite for the achievement of the sustainability of human societies.
The construction of a Water Poverty Index acknowledges this need for a new
approach, and will attempt to respond to it by providing inter-disciplinary and
integrated information on water and poverty as well as water poverty. However, its
policy impacts must also be addressed prior to its construction, in order to make sure
that it does have a practical impact. This means that the index must contribute to our
understanding of the practical implications of sustainability. and help policy makers to
produce more sustainable policies for water management. This suggests that the
insights derived from research into 'green accounting' might be a useful contribution
to the construction of a Water Poverty Index.
5.2 Representing sustainability. Why and how?
The representation of the concept of sustainability12. launched in the 1980s with the
World Conservation Strategy and the final report of the Commission for Environment
and Development (1987), is currently perceived as being a crucially important and
useful first step in the direction of the operationaThation and implementation of a
more secure future for human development on Earth. While numerous definitions of
12 Costanza et al. (1991:8) have defined sustainability as the 'relationship between
human economic systems and larger dynamic, but normally slower changing
ecological systems in which 1) human life can continue indefinitely, 2) human
individuals can flounsh, 3) human cultures can develop, but in which effects of
human activities remain within bounds, so as not to destroy the diversity and function
of the ecological life-support.
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the concept exist, we need to overcome any rhetoric to identify some practical
objectives which can be achieved through changes in human behaviour brought about
by policy making for sustainable development.
It is important to highlight why it is necessary to represent interrelations between
ecosystem functioning and economic activities as necessary prerequisites of
sustainability. The main reasons why this interaction is important are as follows:
policy-makers need to understand better how ecos.ystems function and how
economic activities impact on them.
we need to adopt another approach towards economic policies and
acknowledge the fact that our economic systems constitute a sub-system of larger
natural environments upon which we depend. This implies a progressive shift in
paradigm in economic and management thinking
we need a clear and practical illustration of the meaning of 'sustainability' in
terms of the links between economic activities and the environmental stocks and
flows of goods and services.
The representation of these interactions, if it is to respect the principles of
sustainability and of the multi-dimensional importance of water, needs to be:
holistic and integrated, in order to include ecological, economic and social
dimensions of sustainability;
understandable - despite the complexity of the processes involved- hence not
solely focused on scientific jargon;
possible to integrate in the policy process and tools.
Policy-makers are currently finding indicators of sustahmbility and franieworks
indicators particularly useful as a first step towards the operationalisation of
sustainability. The literature on such indicators is abundant. A number of useful
references concerning indicators of sustainahility and frameworks of indicators are
included in the references to this text.
5.3. Green accounting
Research into what has been called 'green accounting' has become crucially important
in the debate on 'indicators of sustainability'. This is because our '.System of National
Accounts' (SNA) provides us with aggregate economic indicators that policy makers
very much rely on. GNP, for instance, is both used to determine the choice between
alternative policies (if GNP is likely to increase as a result of the implementation of an
option, this option will generally be preferred to others) and used to internationally
rank countries depending on their economic performance.
The appropriateness of such indicator concerning the assessment of the sustainability
of our policy choices MUST therefore be examined and questioned. Since the national
accounting instrument and indicators derived from it are sufficiently powerful to
remain the main policy tools, they will need to he adjusted to become appropriate
indicators of sustainahility. The objective of such 'adjustments, dealt with in 'research
in green accounting', is that thc reformed accounting instrument will help greening
our economic policies and hence progressively help manage our societics in a more
sustainable way.
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Research in Green Accounting started a little more than 25 years ago. The rationale
for such research was then focused on the shortcomings of the SNA (System of
National Accounts), the problems these shortcoming generated, and the ways to
correct them. This research was initiated in the context of an 'indicator crisis' which
questioned the validity of the signals on which policy makers rely (in particular,
signals such as the aggregate economic indicators generated from the SNA). These
criticisms were based on the fact that important considerations. such asenvironmental
degradation, were not correctly taken into account, since they were seenas increasing
the value of our 'economic performance' but not denunciated for threatening our
future lifc support base. The shortcomings (Anderson, 1991) of the SNA are listed
below:
The traditional SNA focuses on flows only and ignores stocks, be they
environmental or cultural. People interested in environmental issues have realised that
stocks have a great importance, and so is the way in which certain ecosystems stocks
respond to external shocks.
Negative externalities, such as environmental pollution or crime, arenot taken into
account in the assessment of economic performance and progress.
Distribution and inequality issues are not taken into account in the current SNA
either. For instance, the SNA uses average income per head in numerous analysis
exercises focused on the performance of the economy.
The SNA focuses on production processes that generate monetary exchanges
solely. Hence, the use of services that do not involve monetary exchange (e.g. use of
'free' air or 'free' house work) are not consideued as contributing to economic
wel fare.
For all of these reasons, it became clear that the current SNA gives the wrong signals
and needs reforming. The rationale for Green Accounting therefore focused on the
correction of these shortcomings, because the current SNA generates and encourages
unsustainable economic development.
Research in green accounting has gone a long way. Different methods have been
developed, and research is still evolving everywhere in the world. Some focus on
shortcomings related to ecological considerations, while others on social
considerations. Generally, green accounting methodologies have been essentially
centring on the issue of valuation, and the main difference in approach has been
between the construction of 'satellite accounts' and that of 'adjusted indicators'
such as adjusted 'green' GNP. Advocates of the construction of a single aggregate feel
that correcting the shortcomings of the SNA requires adding of what is missing from
the GNP accounts and subtracting what is not supposed to appear. Advocates of the
construction of satellite accounts feel that we need better understanding of the
functioning of the environment upon which we depend, and they work on the
construction of exclusively 'environmental accounts' that can he linked to the SNA in
order to examine how economic activities impact on the environment. Satellite
accounts are expressed in physical/ biological terms, while green GNP is expressed in
monetary terms. There is a huge controversy around monetary valuation methods that
allow to catTy out the subtractions and additions that the construction of green GNP
requires.
UNEP has identified the application of green accounting. adaptable to specific
country needs and linked to their System of National Accounts (SNA), as a high
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priority in the future direction of development aid (UNEP. 1992). As Friend stressed:
'monitohng the state al resources, just after measuring poverty, is the most critical
indicator of leC0110111iChecdth and (...) developing systems of Environmental
Resource Accounting could also show how the ovenvhelming benefits of consen,ing
natural capital to maintain regenerative capacity al the biosphere would provide the
right political climate pr the mach needed (financial) resource transfer from the rich
to the poor nations' (Friend, in UNEP, 1992:11). Although there ate some difficulties
in developing environmental types of accounts in developing countries, some green
accounting research has been carried out in an increasing number of developing
countries. Some examples of this work includes a study on natural resource
accounting for Indonesia (WRI, 1989) where physical accounts were compiled for
petroleum, timber and soils. In Costa Rica, the Tropical Science Centre, with
technical support from the World Resources Institute, compiled physical accounts for
soils, fisheries and forests. In Mexico, a pilot casestudy was sponsored by the World
Bank and UNSTAT to link environmental and economic information and investigate
whether environmentally adjusted national income aggreuates could be derived for
that country. Other developing countries have also inade a start at developing resource
accounts, and these include Uruguay, Thailand. Tanzania, Slovenia, The Philippines.
Papua New Guinea, Malaysia, India. El Salvador. Columbia. China. and Angola. and
in the case of Brazil, water accounts have been constructed for the purpose of national
accounting.
Friend (1993) identified three major obstacles to the
development of green accounts in developing countries:
lack of political and institutional commitment and funding
reluctance in shifting economic paradigm
technical challenges: need for co-operation between
ministries of the environment, development and panning
and finance, as well and external financial and technical
support.
5.4. Strategic resources and the development of water accounts.
When reviewing most of the existing satellite accounting systems, onc striking
characteristic can be noticed immediately: many of these accounts have been
constructed because they provide useful information on resources that have been
qualified of 'strategic' because of their economic importance. Thus, the UK Office for
National Statistics has built accounts for oil and gas(Vaze, 1996), Canada constructed
some physical accounts of sub-oil assets and forests (Born, 1998), Namibia's physical
asset accounts provide information on fish stocks (Lange, 1998) and the combined
asset accounts for manufactured and natural capital in Botswana have been
constructed as a useful method to monitor progress towards diversification in a
country highly dependent on mineral resources (Lange and Gaobotse, 1999).
Interestingly. water is also being progressively perceived as a 'strategic resource' and
water accounts have now started being constructed in different countries in the world.
Thus, for instance. Vaze and Schweisguth (1998) have recently constructed the UK
Water Accounts. These stress the economic importance of water by showing the
contribution of water supply and sewage treatment to the GDP and they display data
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for two in situ users of water, fishing and water transport, which also contribute to
GNP. Generally, the UK water accounts describe issues such as water abstraction and
emissions of substances into water and they also illustrate which economic actors and
activities affect the water environment.
In the Netherlands. de Haan (1997) has recently constructed the NAMWA (National
Accounting Matrix including Water Accounts) for the year 1991. It covers water
avaik"..-ility, extraction by industries and emissi:As of nutrients, BOD and heavy
metals, as well as information on expenditures related to the management of water.
Other countries, such as Canada (Johnson, 1995), France (Babillot, 1995) and
Namibia (Glenn-Marie Lange, 1998). have constructed water satellite accounts.
Although these water accounts can help in identifying problems related to the
emission of pollutants and related to the general management of water, they do
considerably limit our understanding of the real global importance of water. Social or
political considerations are not taken into consideration, for instance - although they
arc very important in the context of water management in developing countries.
Beside, the issue of water should not be isolated to issues such as waste management.
land use, etc. All these economic and environmental considerations are very closely
linked and should be considered as such if the management of our resources is to
improve.
5.5 New insights in green accounting
Newer initiatives in green accounting have allowed us to progress in the sense of
integration. Meanwhile. the United Nations has been publishing guidelines to
construct green accounts and this subject of research is being more and more taken
seriously and worked on. There are new important and useful insights in research on
green accounting:
environmental valuation approaches: monetary valuation approaches are being
reformed and new (less technically or ethically controversial) suggestions are
flourishing. Non-monetary valuation methods that now often include the
participation of all stakeholders arc also now evolving.
Numerous green accounting approaches (in particular the successful Dutch
example of the NAMEA (Keuning and de Ilaan, 1998) are based on the
construction of aframework of indicators and have proved that policy-makers can
still derive useful information when the ureen accounts expressed in physical
terms rather than monetary terms.
Environmental features (goods and services) were originally introduced in the
national accounts framework on the basis that they contribute to production
systems and can therefore be considered as 'natural capital' (Harrison, 1990). This
notion of natural capital has presented some problems in that a) it assimilated the
environment to an 'economic' good, hence ignoring ecological integrity and
intrinsic values and b) it has provided us with a very 'static' perception of the
environment, instead of encouraging a thorough understanding of the dynamic
functioning of ecosystems. The notion of 'Critical natural capital' (Berkes and
Folke, 1994: Noel and O'Connor. 1998) pays attention to the functioning of
ecosystems and stresses the fact that, for instance, some key buffer species.
determine the way in which an ecosystem keeps functioning, or that the pollution
of a certain habitat can have repercussions on other habitats and species. etc. The
notion of CNC is therefore more focused on processes (be they ecological or
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economic) and can also greatly contribute to improving the construction of green
accounts.
In an attempt to integrate these new insights, some new green accounting approaches
have been developed as policy frameworks.
The Dutch NAMEA provides a good .:xample of a policy relevant framework of
interrelated environmental indicators and themes. This framework illustrates the
impact of economic activities on the environment and helps identify priorities
which will direct policies towards sustainable development.
•he CR ITINC accounting framework (Ekins andSimon, 1999; Ekins et al., 2000).
partly based on the principles of the NAMEA, introduces further considerations
such as social participation in policy making and valuation processes. and since it
also attempts to extend the notion of 'natural capital' to that of critical natural
capital, which helps understanding natural ecosystems in a much more dynamic
and integrated way.
5.6 Conclusion
Different messages derived from this brief presentation on research into green
accounting are directly relevant for the construction of a Water Poverty index. Some
important points to bear in mind are:
Any system developed to provide environmental information to policy-makers
should he related to the policy-making tools and instruments that are currently in
use, and are likely to continue to be in use in the future.
To answer policy related questions. the tool must be holistic, integrated.
interdisciplinary and comparable on an international basis
Appropriate data must be collated from both the natural and social sciences, and
collected on a regular basis to ensure the continued usefulness of the tool.
Overall, it is clear that the development of appropriate data to create a Water Poverty
Index may well be the same data that would he needed to develop water accounts. If
water management at a macroeconomic level is to bc truly sustainable, it is essential
that an appropriate accounting mechanism be put in place, and a monitoring tool such
as the WPI could well provide the means to show that the natural and social capital
values associated with water is indeed Mon-depleting'. If however, this was found to
not be the case, appropriate mitigation strategies could then be introduced, bringing
the economy and society hack towards a more sustainable path. Such aspirations may
seem a distant reality, but when considering the scope of human and technological
development over the next 25 years. it is not unrealistic to conceive of a more optimal
path for human progress. Already a paradigm shift is being seen in a number of
disciplines, and within economics, it is certainly clear that important notions such as
the 'nature of economic performance'. 'economic progress', and the relation between
our policy indicators and the notion of welfare, havebeen highlighted and debated as
a result of the greening-of-the-accounts ekercise. The development of a Water Poverty
Index is an example of how these philosophical andethical issues can be realistically
addressed within the framework of economic development and environmental policy.
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Poverty and Development:
Laying the foundations for the capture of
natural capital
Caroline Sullivan, CEH Wallingford
I. Introduction
According to the Brundtland Report, one of the prerequisites of real sustainable
development is equity. In particular. this relates not only to equity amongst current
resource users now, but also equity in the way resources are used over time. The issue
of equity however is fundamental to the process of poverty and its alleviation, as it is
certainly true that much poverty exists because of the currently inequitable
distribution of resources and access to them.
There can be many approaches to the way we address poverty and inequity. In terms
of macroeconomic planning, these may include a number of issues such as improving
health and education, putting in infrastructure, and developing the financial services
sector to provide access to credit. The development of better access to markets and
improved post-harvest processing are other ways by which poor people can have
improved returns to their labour, especially in the agricultural sector. It is now
recognised that poorer households rely more heavily on natural resources than do
those whose livelihoods may be more secure through receipt of wages or remittances
(Sullivan. 1999: Redclift, 2000). Enabling these important values to be recognised and
captured is therefore an important contribution to the achievement of sustainability.
Poverty is the result of a variety of factors, which can be summarised by the term
'capacity deprivation'. Without the basic domestic water requirement. described by
some as 25 litres per capita per day, people are likely to have a reduced capacity to
live a strong and healthy life. Without good health, economic efficiency is degraded.
further reducing capacity to generate the economic growth and redistribution needed
if the welfare of the poor is to rise.
The impact of a lack of water on the condition of poverty is something few would
deny, but proving a causal relationship of statistical significance between the two is
not an easy task. Lack of adequate and reliable data and a poor understanding of the
complexities associated with both water and poverty, have led to an incomplete
understanding of how bcst to manage the resource. To incorporate a rich reflection of
the fundamentals of sustainability, it would mean that water would have to bc
managed to achieve the situation where all people in the world have adequate water to
live in a dignified and self-sustaining way.
The achievement of such a goal is well within the current level of global economic
development. Even taking a business as usual scenario, the capital investment
requirement of meeting basic needs is likely to have a net positive impact on fiscal
and monetary indicators, mainly due to increased labour efficiency. Improving the
quality of the human and social capitals within communities creates a strong basis for
macroeconomic growth, and the cost effectiveness of such a policy implementation is
likely to surpass that of most other development strategies. As highlighted in the
Hague World Water Forum, the actual amounts of water needed to provide for basic
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needs is so small that its cost impact in the wider global economy is of only marginal
significance. This supports the contention that major developmental goals will be
achieved more through awareness raising, capacity building and institutional
strengthening.
Taking a longer term view. ensuring ecosystem integrity is the means of ensurinu the
maintenance of our own life support systems, and it should therefore he given
appropriate signifit:ance in our strategic and economic pf...t.:ning and monitoring
systems. The need to understand more about the complexities of effective resource
management requires better, more integrated use to be made of available data, and
data to be managed more effectively to take advantage of the full benefits offered by
curent and future levels of information technology. Ultimately, when ecosystem
goods and services can be appropriately identified andaccounted for, the costs of their
use can be properly integrated into national accounts systems. and treated in the same
manner as other income and capital flows. When this can he achieved, appropriate
mechanisms can he developed to capture these values and bring about redistrihutional
measures to ensure their efficient and eciuitable use (Roodman, 1999). In this way.
sustainable development comes closer to being a reality.
2. Water and the natural capital services it provides
There is little doubt that the burden of water collection falls disproportionately on
women and children. Women provide an important source of labour in subsistence
households, and excessive time and effort spent in water collection reduces their
potential productive contribution. The negative impacts of inadequate water
availability include both the loss of human capital (through morbidity) and natural
capital (through pollution from human contaminants). Both provide a constraint to
welfare growth, and as a result, good water management has an important role to play
in .poverty alleviation in developing countries. In addition, improved availability can
influence the potential for a household to generate different sources of income.
Subsistence incomes which can be increased through better water provision include
those from brick making, beer brewing and textile work such as batik and dyeing. In
this case, water is used as a factor of production just like any other natural resource,
and thus better understanding of how it can be accounted for will promote better long
term management.
By widening our understanding of the links between water and ecosystem services.
and conveying this information to the public, behaviour more conducive to the
achievement of efficient water management may result. Through capacity building at
the middle management level, we can empower decision makers to have more
confidence in the validity of their decisions, as well as make the process of decision
making more transparent. If the national education systcm can become more involved
in water management issues, cross cutting benefits can occur. In every country. the
already established education system provides a direct link to households, and by
more explicitly including water into the educational agenda, we can not only raise
awareness of the issues, but also perhaps develop a means of collecting key
components of household information which can be of use for water managers.
Furthermore, if this can improve cooperation between the water authorities and the
education department, better provision of water in schools may result. If this occurs.
increased female enrolment rates may be achieved, as it is often the case that girls
prefer to miss school when there is no provision of adequate water and sanitation.
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Due to its very site specific nature, water availability in terms of quantity. quality and
reliability need to he understood at the local scale. However, such scales are relatively
inappropriate for current hydrological techniques, so for the purposes of monitoring
changes in water availability. mesoscale assessments are also needed This fits in well
with the continued expansion of the application of integrated water resource
management (IWRM) techniques in many national water strategies. Finer resolution
hydrological data would enable more accurate assessment of local conditions, and
perhaps fUture approaches to this problem may be assisted throueh the use of remotely
sensed data that is currently available at resolutions at appropriate scales.
3. Linking WPI values to the Sustainable Livelihoods Framework
The concept of sustainable livelihoods (Carney, 1998; Scoones, 1998) is fundamental
to our understanding of the development process. The WPI components can be related
to livelihood entitlements, as a way of understanding more about what is needed to
relieve poverty drivers. In any development process, there is clear overlap between
some of the capital types, but using this approach provides at least some
quantification of these can be achieved. Table 2 shows how the livelihood capital
types may hypothetically be related to the WPI components.
Table 2. Linking national WPI components to livelihood capital entitlements
WPI component Data source
Resource Freshwater withdrawals,
groundwater, quality and
reliability data
Access Access to domestic water
supply and sanitation,
access to irrigation
Use Water withdrawals, total
and by sector
Capacity GDP, child mortality and
education
Environment water quality
water stress
environmental regulation and
management
informational capacity
biodiversity based on
threatened species
livelihood component
Natural capital. water
component
Physical and Social
capital
Financial and Human
capital
Human capital
Natural capital
Clearly there is much overlap between these different capital types, and naturally
water provision will influence a number of different issues. Increasing social capital
through institution building (e.g .in water authorities, statistical services etc.) will help
to improve techniques of demand management, and identify areas for potential water
redistribution. Furthermore, integration of relevant key issues into existing statistical
processes will facilitate natural resource accounting procedures, and promote more
effective long term planning.
There is little doubt that in addition to the basic water resources which are available in
any location, effective and equitable water provision will depend on how easy it is to
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gain access to that water, and how it is distributed for use. The incorporation of our
knowledge of these and other important issues into a standardised yet flexible
framework enables us to highlight the possibility of achieving a more equitable
outcome for millions of poor people. As a result, this in tum may increase the
likelihood of influencing political will for change. By increasing social capital
through institution building, and increasing financial capital through increased
efficiency in the water sector, not only will better water management become .more
likely. but also better returns on capital investments in the water sector may he
achieved.
Identifying natural capital
The idea of accounting for natural resource use is becoming more widely accepted,
although there is still much resistance to it, especially from some sectors and in some
countries. Serious attempts to develop and disseminate the techniques of natural
resource accounting have been made since the early 1990s, and the World Bank and
other organisations have produced a number of publications on the subject (Lutz.
1993, CEC, 1993. UNS0,1993). In order to effectively consider how such resource
accounts can be developed, we need to first consider what exactly we are trying to
account for.
Natural Capital - assimilation into national accounting strategies.
Capital can be defined broadly asa stock that yields a flow of goods and services into
the future. Natural Capital can be defined as stocks of energy and resources, and the
ecosystem characteristics from which these can derived. In order to incorporate issues
such as intergenerational equity, ecological integrity and economic resilience thc idea
of maintaining a constant natural capital stock has become important.
To achieve genuinely sustainable water management, the natural capital values
associated with water need to be identified. Attempts to integrate measures of natural
capital into national accounting strategies are in the process of being developed in a
number of countries, including the UK, the Netherlands and Norway. This is a
complex process which involves not only the identification of values of the natural
capital and the services generated from it, but the means by which these can be
assimilated within the conventional national accounts on which macroeconomic
planning is based.
Many of the concepts which have been used to develop natural resource accounts.
(and water accounts), have been derived from earlier work on calculations of oil and
gas depletion. In order to effectively.account for water in national accounts, it is clear
that we must consider water quantity and water quality, and as a result, considerable
interdisciplinary work will need to be done to bring together the appropriate data for
the development of such accounts. Within any long turn planning strategy, it is
important that these issues be addressed, in order to ensure that the concepts required
for the development of natural capital accounts for water can defined on an holistic
basis, and standardised to allow effective and reliable international measurements and
comparisons.
Assessing the natural capital values of water
Water is an essential and irreplaceable resource on which our life support system
depends. Its value has long been the subject of philosophical debate which, within the
economic discipline, has been described in the 'diamonds and water paradox'. which
nil I WalliWord 7002
Appendix 9.16
arises due to changes in the levels of marginal utility associated with different levels
of consumption. Values in society are based on utility and preferences, and while we
may have a low level of marginal utility for extra units of water, we all have high
utility for the initial levels of consumption associated with the basic human water
requirements. Nevertheless we all agree that the price of water is lower than the price
of diamonds. This demonstrates the fact that price, value and cost are not the same
thiny. This is particularly important when it comes to thinking about water
management, and water pricing.
The value of water varies considerably from place to place and also from use to use.
For example. (or a Oven quantity of water, the use value from use for navigation may
be much less than that from use in a textile plant. For irrigation, the value of the water
may be much higher if the crop grown is carrots than if it were wheat. Crop selection
has a big impact both on the use value of water, and also on the level of water use
itself. Since agricultural water use takes the largest share of water allocation in most
economies, the value generated from it needs to be investigated, and methods
introduced to regulate its use
One accepted way of valuing water is throuth an examination of what values other
alternative uses could generate. This is known as the opportunity cost value of water,
and can be used as way of improving water allocation decisions. Unfortunately this is
not straightforward, as it is of:ten the case that such calculations would suggest that the
cultivation of higher value (non-food) crops would lead to a reallocation of water for
that purpose. If this is taken to the extreme, then water would be allocated in such a
way as to act as a disincentive for food production. causing a problem of food
security. In some places problems such as this have occurred where cashcrops such as
cotton have been produced in preference to food crops, and when too many farmers
made this choice, food shortages have arisen. Nevertheless, the opportunity cost
methodology does give some insight into the value of water. There is still much work
to do to refine and perfect techniques of quantifying any kind of natural capital. and to
date, no widely accepted method of valuiniz water and thc ecosystem services
associated with it currently exists.
7. Integrating natural capital values into the macroeconomic framework
Water, and other natural resources, provide the raw materials on which production
depends. It is clear therefore that the value of these materials needs to be counted in
our national accounting systems, but this is in fact not always the case. We can
illustrate the fact that water is important to economic development if we simply look
at the rate of water use and the level of GDP per capita. While this is a superficial
examination, it does demonstrate that water has an important value to an economy,
and that value needs to be more explicitly appreciated.
Table I. A comparison of per capita national income and national water use.
GDP, US$,
per capita
1990

Annual Water
withdrawals M3
1970-87
Domestic
Annual Water,
withdrawals M
Annual Water,
withdrawals M'
1970-87 1970-87
Industrial and Total
aurieultural
Tanzania 110 8 ./8 36
Sri Lanka 470 10 493 503
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South Africa 7,530 65 339 404
United 16,100 101 406 507
Kingdom



Sweden 23,660 172 307 479
United States 21,790 759 1,903 7 ,167
Source: World Bank, World Development Report 1992. Development and the
Environment, Table 1 and 33.
One of the ways in w hich this problem can he addressed is through the introduction of
a system of assimilating the value of natural resources in to the national accounts
system. This is referred to as green accounting
8. Green accounting
Research into what has been called 'green accounting has become crucially important
in the debate on 'indicators of sustainability'. This is because our 'System of National
Accounts (SNA) provides us with aggregate economic indicators that form the basis
of economic policy. For example, Gross National Product (GNP), has long been used
to determine the choice between alternative policies (if a development option will
increase GNP it is likely to preferred to others which do not), and used to rank
countries internationally depending on their economic performance.
Many years ago, the World Bank and Other international organisations were effective
in implementing the System of National Accounts (SNA). which effectively
standardised national accounting practices. There arehowever a number of problems
with this approach, and one of the main issues of concern today is how the
environment and its goods and services can be assimilated into this structure. This
became more pressing in the context of an 'indicator crisis' which questioned the
validity of the signals on which policy makers relied. These criticisms were based on
the fact that important issues such as environmental degradation were not correctly
accounted for, since they often resulted from activities which increased the value of
our economic performance, yet at the same time, when taken to extremes, effectively
threaten our future life support base. The shortcomings of the SNA are listed below
(Anderson, 1991):
The traditional SNA focuses on flows only and ignores stocks, be they economic.
environmental or cultural. In the case of environmental capital in particular, stocks
have a great importance, and the way in which certain ecosystems stocks respond to
external shocks can bc crucial and must not he ignored (due to the problem of
'ecological irreversibility').
Negative externalities, such as environmental pollution or crime, are not taken into
account in the assessment of economic performance and progress.
Distribution and equity issues are not taken into account in the SNA. For instance,
the use of average income per head is unsatisfactory as a true representation of how
people live in an economy.
The SNA focuses only on production processes that generate monetary exchanges
solely. Hence, the use of services that do not involve monetary exchange (e.g. use of
'free' air or 'free' house work) are not considered as contributing to economic
wel fare.
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For all of these reasons, it became clear that the current SNA gives the wrong signals
and needs reforming. The rationale for Green Accounting therefore is focused on
correcting these shoncomings. because the current SNA effectively acts as an
indicator of unsustainable economic development.
Generally, green accounting methodologies require more effective methods of
environmental valuation, and two different approaches have evolved: the construction
of 'satellite accounts' or of 'adjusted indicators' such as adjusted 'greeit GNP.
Satellite accounts arc expressed in physical/ biological terms, while green GNP is
expressed in monetary terms. The production of adjusted indicators involves adding
what is missing from the GNP accounts and subtracting what is not supposed to
appear. There is a huge controversy around monetary valuation methods that facilitate
the subtractions and additions that the construction of green GNP requires.
UNEP has identified the application of green accounting, adaptable to specific
country needs and linked to their System of National Accounts (SNA), as a high
priority in the future direction of development aid (UNEP, 1992). The relationship
between poverty and natural resource availability, and the need to monitor this, is
highlighted by Friend, who points out: 'monitoring the state of resources, just after
measuring poverty, is the most critical indicator of 'economic health' and (...) systems
of Environmental Resource Accounting could also show how the ovenvhelming
benefits of conserving natural capital to maintain regenerative capacity qf the
biosphere would provide the right political climate for the much needed (financial)
resource transfer from the rich to the poor nations' (Friend, in UNEP, 1992:11).
Although most countries have still to develop any kind of environmental accounts,
some research into green accounting in developing countries has been carried out in
the last decade. These include:
Indonesia (WRI, 1989) where physical accounts were compiled for petroleum,
timber and soils.
Costa Rica, the Tropical Science Centre, with technical support from the
World Resources Institute, compiled physical accounts for soils, fisheries and
forests.
Mexico, where a pilot case study was sponsored by the World Bank and
UNSTAT to link environmental and economic information and investigate
whether environmentally adjusted national income aggregates could be
derived for that country.
Other developing countries have also made a start at developing resource
accounts, and these include Uruguay, Thailand, Tanzania. Slovenia, The
Philippines, Papua New Guinea, Malaysia, India, El Salvador, Columbia,
China. and Angola, and in the case of Brazil, water accounts have been
constructed for the purpose of national accounting.
9. Strategic resources and critical natural capital
Water is increasingly perceived as a 'strategic resource' and water accounts have now
started being constructed which stress the economic importance of water. Although
these water accounts can help in identifying problems related to the emission of
pollutants and related to the general management of water, they do considerably limit
our understanding of the real °laml importance of water. Social or political
considerations are not taken into consideration, for instance - although they are very
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important in the context of water management in developing countries. Beside, the
issue of water should not be isolated to issues such as waste management, land use.
etc. All these economic and environmental considerations are very closely linked and
should be considered as such if the management of our resources is to improve. The
notion of 'Critical natural capital' (Berkes and Folke, 1994: Noel and O'Connor,
1998) pays attention to the functioning of ecosystems and stresses the fact that, for
instance, some key buffer species, determine the way in which an ecosystem keeps
functioning, or that the pollution of a certain habitat can have repercussions on other
habitats and species. etc.
Considering issues related to the development of a WPI, it is important to bear in
mind that any policy tool being developed must be holistic, integrated.
interdisciplinary and comparable on an international basis. Policy-making tools and
instruments that are currently in use, and are likely to continue to be in use in the
future must provide the means by which any new tools, such as the WM, can become
implemented in a country. To achieve this, appropriate data must be collated from
both the natural and social sciences, and collected on a regular basis to ensure the
continued usefulness of the tool.
Overall, it is clear that the development of data to create a Water Poverty Index may
well he the same data that would be needed to develop water accounts. If water
management at a macroeconomic level is to be truly sustainable, it is essential that an
appropriate accounting mechanism be put in place, and a monitoring tool such as the
WPI could well provide the means to show that the natural and social capital values
associated with water is indeed 'non-depleting'. If however, this was found to not be
the case, appropriate mitigation strategies could then he introduced, bringing the
economy and society back towards a morc sustainable path. Such aspirations may
seem a distant reality. but when considering the scope of human and technological
development over the next 25 years, it is not unrealistic to conceive of a more optimal
path for human progress.
Already a paradigm shift is being seen in a number of disciplines, and within
economics, it is certainly clear that important notions such as the 'nature Qf economic
performance', 'economic progress', and the relation between our policy indicators and
the notion of welfare, have been highlighted and debated as a result of the greening-
of-the-accounts exercise. The development of a Water Poverty Index is an example of
how these philosophical and ethical issues can be realistically addressed within the
framework of economic development and environmental policy.
10. The need for capacity building
'Capacity building' encompasses the variety of methods that assist local
communities to participate in, or even take responsibility for decisions which
affect their neighbourhoods (Selman, 1996: 29).
The participation of various stakeholders in policy making and valuation
methodologies, in particular, have been very much promoted. such as 'deliberative
democracy' (Jacobs, in Foster, 1997) in the area of environmental valuation, and
'multi criteria appraisal' (Stirling. 1997) in the area of policy making. Deliberative
democracy. like citizens juries, presents the advantage of animating a debate and
hence environmental awareness amongst a community, and constitutes a combination
of environmental education and the construction of environmental values that are then
communicable to the policy-makers. The Water Poverty Index is an example of how
this may be achieved, since. if it were to be implemented. it would not only have use
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as an immediate policy tool, but also have the more long term use of bringing about
the development of more integrated accounts of water and the impacts of its use. In
order to make this a real possibility, there is a significant degree of capacity building
needed, although in most instances, this is very much a case of building on what
already exists. In order to implement the WPI, a small core of trained personnel would
be needed to put the framework in place and collate the data from various sources.
I I. Conclusion
More effective water management is a major challenge faced by policy makers in the
21" century. There are uncertainties associated with water resource availability due to
climate change. as well as demographic and lifestyle changes, which will have a
significant impact on water demand. At the same time, many governments are trying
to devolve responsibility for water management to more local levels, while skilled and
experienced water managers are being attracted to more lucrative posts in the private
sector both at home and abroad. This has given rise to the situation where more
difficult decisions need to be made. and a more transparent process on which those
decisions are to be based needs to be developed.
The maintenance of the long-term viability of our life support system is an essential
prerequisite for ensuring the possibility of a sustainable future. Since water plays such
a vital role in ecosystem integrity, its management needs to be effective and robust.
One way in which this can be achieved is through better monitoring of water
resources and their use, and through the integration of natural resource accounting
into macroeconomic systems. If this can be brought about, accounts of any changes in
natural capital will be incorporated into national accounting systems, enabling the full
social costs and benefits of resource use to be identified and evaluated. By developing
a more comprehensive dataset on water and its use, the WPI will contribute to the
achievement of that more long-term goal.
A typical characteristic of poverty is lack of access to adequate water supplies, yet
only small amounts of water are needed to meet basic human needs and to relieve the
currently inequitable situation. This highlights the fact therefore that bringing about
more effective redistribution of water to reduce poverty is not by any means an
impossibility. Taking the water management problem as a whole however, allocations
between sectors need to be examined, with the potential goal of highlighting current
inefficiencies and inequities in sectoral water use. By highlighting such inefficiencies,
attention can be drawn to weaknesses in the existing system, with a view to fine-
tuning water management through its more equitable reallocation. By demonstrating
the small degree of change needed to achieve real impacts on poverty alleviation,
policy makers may be persuaded to adopt the appropriate political will needed to
bring about real change.
If water is to be allocated more efficiently to reduce the capacity deprivation which
characterises poverty (Sen, 1981;1995:1999), a more comprehensive, interdisciplinary
approach to its evaluation is needed. If such an approach can be developed, then not
only will water resources be better understood, but it will he possible for policy
makers to identify those aspects of the water management problem which need the
most attention, and to invest in them more effectively to improve the human
condition.
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Towards a Gender and Water Index
Barbara van Koppen
International Water Management Institute
1. Gender in the Water Poverty Index
The Water Poverty Index (Sullivan. 2002a and 2002b) seeks to link two major global
challenges that, for too long, were addressed separately. One is the effective and
ecologically sustainable management of freshwater resources, which become
increasingly scarce as the demands by growing and increasingly wealthier populations
augment. The other challenge regards the social uplift of the world's poor, who are
still left out, living below minimum standards of wellbeing, especially in rural areas in
the South. Water is an important asset in this process.
Gender issues are integrated in the Water Poveny Index in various explicit and
implicit ways. Explicitly, gender-disaggregated data were collected in a study into
domestic water provision to households without a house connection in South Africa
(453 households). Tanzania (377 households), and Sri Lanka (411 households). The
results are presented in this paper. Gender issues are also implicitly addressed by
examining health and sanitation issues related to domestic water supplies among the
poor (cl Hunt and Cairncross 2001; Sullivan 2002). Inadequate facilities arc widely
known to affect poor women even stronger than men. Women are not only primarily
responsible for water supply but, as caretakers for children and the sick, women often
bear a disproportionate burden of water-related disease. Moreover, better sanitation
especially benefits women, who are more disadvantaged in this regard than men
(Hannah and Anderson 2001). A better understanding of these and other relationships
is of utmost relevance for poor women, who outnumber poor men (UNDP 1995).
The present paper further expands on the gender dimensions of the Water Poverty
Index. One area to further add value regards gender issues in productive uses of water.
especially irrigation, and in water resources management, such as catchment
management. Below, some latest research findings are reported. Another addition is
conceptual and methodological. This paper explores a methodology for the
development of a specific Gender and Water Index for integrated water resources
management. 'Gender' is taken as the very starting point, recognizing that gender and
poverty are inter-related hut yet different social phenomena. Developing a Gender and
Water index is analogous to what the Water and Poverty Index developed for poverty.
Gender refers to the social and psychological dimensions of the relationships between
men and women, articulating how these relationships are shaped by society and its
history. norms, culture, institutions, education and socialisation, economy, laws, and
politics. Biological differences between men and women as the two 'sexes' are
obvious reality. However, the notion of 'gender' conveys the wide variation
throughout history and across the world in which different societies attribute
economic, cultural, and socio-political meanings to what is often people's strong
identity of 'femininity' or 'masculinity'. Gender clarifies that 'sexe' is no natural
destiny but human creation, subject to agency and change (Jackson 1998). Although
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gender, poverty, and water are intertwined —just like gender and other sets of social
relationships arc- this paper explores the route of analytical distinction, at least
initially, before blending again into hopefully richer insights.
2. Rationale and Method for Gender and Water Index Development
The Gender and Water Index developed below is a decision-support tool that guides
policy makers in ensuring greater gender equity in the basins governed, as relevant for
integrated water resources management —the focus of our attention here. A Gender
and Water Index allows characterizing and comparing basins from a gender
perspective and monitoring the same basin over-time, for example to assess impacts
of new policies. The policy relevance is the greater. if the indices relate more directly
to integrated water resources management and give better direction for feasible and
effective intervention to the policy makers, legislators, and implementers from
governmental and non-governmental national and international organizations. for
which the indices are meant to be a decision-support tool. Indices that aim to capture
complex phenomena, as gender relations and other social phenomena typically are,
comprise many components or 'attributes'. Attributes can be expressed as indicators
and, then, indicators can be aggregated again into indices. Perhaps the clearest way to
accommodate a lay audience about the meaning of indicators and indices is to express
the indicator, and, after aggregating and weighting, the indices, as scores between 1
and 5. The value of the score would express the degree to which the socio-political
coal of the users of the tool is achieved, or not, at a certain moment in time.
For gender relations, conform the Convention of Elimination of All Forms of
Discrimination against Women (United Nations 1987) and thc Platform for Action.
formulated during the Fourth World Conference on Women in Beijing (United
Nations 1995), one could come, for example. to the following agreement about the
"gender performance of a basin". A basin would perform well from a gender
perspective, if:
both genders have equal access to water and benefit equally,
both genders bear equal costs for using water,
both genders participate equally in (paid and unpaid) water management and
decision-making.
Such basins would receive a score of 5. The score of basins in which women are
virtually completely excluded from benefits from water and decision-making, hut still
bear high costs, would be I.
Although a score 5 for any river basin may seem utopian at this time in history, this
does not challenge the rationale and method for the development of a Gender and
Water Index as such. However, there is an important issue here: water management is
only one aspect of the many factors that shape, change, or perpetuate the socio-
economic, historical, cultural, and political relations between men and women.
Gender equity requires more changes in society than only those depending upon ways
of governing water. Nevertheless, the rationale and method for index development as
such remain valid if one wants to compare river basins from a gender perspective.
However, it warrants a better understanding of the multiple relationships between
gender and water. Moreover, action only within a narrow water sector is insufficient
to reach a higher gender score. We come back to this.
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The modest aim of the present paper is to exploit just the very first step of a Gender
and Water Index, which is the identification of key attributes to be included in such
Index. The attributes are a synthesis of key issues highlighted in global literature and
debates on gender and water during the past decades. Each key attributes is
researchable either in the conventional way or with a more participatory method.
While some data may already be available, the collection of other data may icquire
more or less effort. As for other basin characteristics, data tend to be available at other
levels than basins. Regrouping of results-according to river basin boundaries is still
needed. While the methodological feasibility of measuring the attributes and hence
their appropriateness for verifiable indices development need to be kept in mind, the
single most important first step is consensus on the attributes. This is the basis for
second steps, such as the conceptual development and empirical measurement of
indicators of each attribute and their aoaretfation into one index.
We now come back to the nature of the relationships bet ween gender relations and the
natural resource of water. These relationships are more or less evident and strong. In
this paper we highlight the more or less proven relationships. Attributes for which the
relation with water use and management is clear and direct are called 'Direct Gender
and Water Attributes'. Attributes that highlight underlying processes that indirectly,
but often forcefully, impinge upon gender dynamics in water use and management are
so-called 'Integrated Gender and Water Attributes'. The 'Integrated Gender and
Water Attributes' have been identified in research, although hardly any quantification
on the relationships has been undertaken as yet. Integrated attributes constitute
important conditions or 'prior issues' that influence the more visible, direct
relationships. Without addressing those prior issues, water policy makers risk just
scratching a surface, without ever reaching even a score 2, or 3, let alone score 5, if
we take the above-mentioned example in which score 5 expresses equal access to
water, equal benefits and costs, and equal participation in paid and unpaid water
management decision-making.
The less visible but yet important attributes are called 'Integrated Attributes',
conforming the global recognition that a more comprehensive approach to water
management, or Integrated Water Resources Management. is needed (Global Water
Partnership 2000). However. up till now, Integrated Water Resources Management
(IWRM) was interpreted in a limited way and confined to the physical and
hydrological aspects of water management (quantity-quality: surface-groundwater:
upstream-downstream: basin-boundaries). As we will show, it is both needed and
fruitful to elaborate the concept of IWRM to also address complex relationships
between the natural resource water and social relations, such as societies' gender
relations and other socio-economic, class, caste, and ethnic relations. Underlying
social processes can be better understood if the call for Integrated Water Resources
Management is better applied to the social dimensions as well.
Basically, a more integrated approach is a matter of common sense. Even daily
discussions on gender and water, especially water for productive purposes, quickly
reach the point in which gender characteristics not obviously related to water seem
more important, such as women's limited education or women's limited access to
land. Education, land, and other factors emerge spontaneously as prior social
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conditions, or ultimate desired impacts, of effective Integrated Water Resources
Management.
A review of literature, including ongoing debates in the global Gender and Water
Alliance (Maharaj 2002), resulted in the following list of gender issues that have been
identified as relevant, either as Direct or Integrated Gender and Water Attributes.
They should, in any case, be included in a Gender and Water Index that assesses the
performance of river basins from a gender perspective. All attributes are policy-
relevant and can be measured empirically. The development of the method for the
latter and its implementation can be taken forward once there is consensus about the
list of relevant attributes.
Table I. Overview of Direct and Integrated Attributes of a Gender and Water Index
DIRECT AND INTEGRATED ATTRIBUTES
OF A GENDER AND WATER INDEX
I. Minimum and Sluired Intro-Household Costs or Domestic lVore7
Attribute I- Direct Minimum Costs for Safe Domestic Water
Attribute 2- Direct Shared Costs for Safe Domestic Water
Attribute 3 - Direct I Women's Equal Participation in Community Decision-making
7 Er Nal (Set -) Em dovment and Oilier Benefits from Water r Painflect:re UAL'S
Attribute 4 - Direct
Attribute 5 - Direct
Attribute 6 - Integrated
Attribute 7- Integrated
Women Farmers' Equal Access to Wwerfqr Productive Ilse
Women Fanners. Equal Participation in Water User Assocmfams
Equal Access to and Control over Water-dependent Enterprises
Sharing in Water-related Empkwment and other Benefits
3. Er nal Partici otion in Wu aid and P;d1Water-related Decision-making
Attribute 8 - Direct
Attribute V - Direct/It:reg.
Attribute 10 - Integrated
Women's Equal Participation in Water-related Decision-making
Gender-disaggregated Data
Women's Equal Education and Inclusion in Public Governance
3. Minimizing and Sharing the Intra-Household Costs for Domestic Water
In poor households in which household water connections are still lacking, the task to
provide water for household use is often gendered in the sense that men and women
have different obligations to contribute to this aspect of family welfare (Van Wijk
2001). Water provision is one of the tasks integrated in the broader societal gender
patterns in which unpaid domestic and income-generating tasks are divided. For
example. men may be responsible for the digging and upkeep of public village tanks
or wells, thus controlling the access to the resource, while women take tip most of the
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laborious task of daily water fetching for their households. Elsewhere, for example in
cultures where women's seclusion is strong. male kin may also take up these latter
responsibilities, especially when it involves more sophisticated means of transport,
like bicycles.
In the context of the Water Poverty Index, detailed comparative empirical research
was carried out into prevailing divisions of household water provision tasks in
villages in South Africa, Tanzania. and Sri Lanka, the results of which are
summarized in Table 1, Table 2, and Table 3. Salient findings are the following.
In all villages in all three countries, women are the water carriers in the large majority
of households, varying from 83% to 91%. Men and children are clearly less regular
contributors, but the patterns vary considerably In Tanzania, in 16% of the
households only are men also providing water. In South Africa, this is 20%. In Sri
Lanka, however, this varies substantively in the four villages studied. In
Awarakotuwa, as many as 64% of the households have men who carry water, while
this is only 170/r in Tharawatta —similar to the African villages.
For children, the pattern is the reverse: African children contribute more often than
their fathers to water provision, 37 and 42 (70in Tanzania and South Africa
respectively. However, in Sri Lanka, children contribute in less than 15% of the
• households. (In interpreting these data, one should note that the proportion of children
of the defined age also differs). These patterns are also reflected in the averages for all
households in the respective villages in terms of, first, number of household members
by gender and age that regularly carry water and, second, in terms of the number of
trips that the respective household members make, on average, and, third, in terms of
volume of water contributed.
What is interesting in the African surveys in which this question was particularly
asked, is that, if men carry water, they bring larger volumes of water than their female
kin per trip. Children, on the other hand, bring less than both adult men and women. •
Overall, the labor costs to provide water are huge. especially for women and in the dry
season. In South Africa, women spend up to 119 minutes per day for this chore: in
Tanzania, it is even as high as 416 minutes in the dry season. In Sri Lanka, the time
inputs even for a normal day are high, varying nom 97 to 221 minutes. Yet, the
volumes of water available per person per day in all sample villages are still below or
even way below the quantities recommended by the WHO of 50 liters per person per
day. For South Africa the volume is even as low as 18 liters.
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Table 1. Water provision by gender in South Africa (Ethembeni, Latha, and Wembezi) for
households without connection*
Sample demographics
number of households 453
number of persons in sample 4346
percentage adults 61
percentage children 39
Water provision
wet season; time per trip (min) 35
dry season: time per trip (min) 35
90 (20°h)
167 (37%)
women men children
22 32 14
1.6 0.3 0.6
1.2 0.2 0.3
0.7 0.1 0.2
3,4 0.5 1 .1
118 19 37
119 19 37
84 14 1 6
average household
total volume available per household per day (Mrs) 115
total volume available per person per day (ltrs) 18
• 159 households have a household water connection, mainly in Wembezi
households with women water carriers (no., %) 413 (91%)
households with men water carriers (no., %)
households with children water carriers (no., %)
average volume per trip (ltrs)
average number of persons per trip per day
first trip
second trip
third trip
average number of trips per person per day
wet season average time per person per day (min)
dry season average time per person per day (min)
average volume provided per person per day (ltrs)
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Table 2. Water provision by gender in Tanzania (Nkoaranga, Samaria, Majengo, Kijenge) for
households without connection*
Sample demographics
number of households 377
number of persons in sample 2592
percentage adults 52
percentage children 48
Water provision
wet season; time per trip (min)
dry season: time per trip (min)
households with women water carriers (no., %)
households with men water carriers (no., %)
households with children water carriers (no., °/0)
average volume per trip (ltrs)
average number of persons per trip per day
first trip
second trip
third trip
average number of trips per person per day
wet season average time per person per day (min)
dry season average time per person per day (min)
average volume per person per day (ltrs)
142
164
312 (83%)
59 (16%)
158 (42%)
women men children
45 66 39
1.1 0.2 0.4
0.8 0.1 0.2
0.6 0.1 0.4.
2.5 0.3 0.9
360 45 135
416 52 156
85 14 28
average household
average voluine available per household per day (ltrs) 127
average volume available per person per day (ltrs)A18 28
•104 households have a household water connection
'D CIII I Wallint2ford 2002
Appendix 9.17
Table 3. Water provision by gender in Sri Lanka (Agarauda, Awarakotuwa, Tharawatta,
Tissawa) in 411 households without connection
average number of household members regularly
providing water
women
men
children
average volume per trip (firs)
average number of trips per normal day
Sample demographics
nurnber of households
number of persons
percentage of male adults
percentage of female adults
percentage of male children <14
percentage of female children <14
Water provision
wet season; time per trip (min)
dry season: time per trip (min)
households with women water carriers (no., %)
households with men water carriers (no., %)
households with children water carriers (no., %)
average volume available per household per day (ltrs)
average volume available per person per day (ltrs)
total time per household per normal day (min)
Village
Agarauda Awara-
kotuwa
Thara-
watta
Tissawa
65120 83 143
282 500 346 579
36 34 37 40
35 36 34 40
13 14 13 11
16 16 16 9
15 23 47 13
18 71 92 24
57 (88%) 107(89%) 74 (89%) 120(84%)
29 (45%) 77 (64%) 14 (17%) 79 (55%)
10 (15%) 8 (7%) 6 (7%) 20 (14%)
1 0.9 1.1 1
0.5 0.6 0.2 0.6
0.1 0.1 0.1 0.1
25 24 26 25
7.3 6.4 4.7 7.5
185 153 121 186
43 37 29 46
105 147 221 97
The empirical findings of this research underline the need to include the following
attributes in a Gender and Water Index.
Attribute I- Direct: Minimum Costs for Safe Domestic Water
Consensus is broad that the extent to which especially poor women but also poor men
are liberated from the former labor or excessive cash burdens, is a major
manifestation of 'good gender performance' in a river basin. Obviously, better water
supply is especially important for the poor whose access to facilities is weakest.
Moreover, for them, cash costs, both absolutely and relatively as a proportion of the
income. are often exorbitantly high. New facilities should be affordable for them. The
latter Lioal incited, for example. the government of South Africa to provide the first
6000 liters per household per month for free, through cross-subsidization by higher-
volume users who pay higher tariffs, and through state support. Domestic water
supply projects by national and international governments and NGOs can significantly
change and improve women's and men's wellbeing and gender relations.
Attribute 2- Direct: Shared Costs for Safe Domestic Water
Gender equity in the division of the remaininiz cash and labor obligations within
households is another direct °ender attribute, embedded in the social patterns in which
men and women divide their contributions to household welfare. Empirical insight in
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this issue is still limited. An anecdotic example in Niizer tells that women continued
takin2 the lion share of the new obligations after installation of a borehole, even when
this required cash investments. In other situations where taps were newly installed, as
in Mashabela. South Africa, the relative easiness of the new water points stimulated
men to also fetch water, unlike before. However, most men did not charwe their
overall contributions to the household expenditures in order to pay these new costs
(Van Koppen and Makola forthcoming). Where house connections are full-fled2ed.
2endered labor input for water provision has become irrelevant. The issue of the way
in which men and women contribute to the cash costs is again a matter of intra-
household patterns of obligations for expenditures for household welfare.
Attribute 3 - Direct: Women's Equal Participation in Community-level Decision-
making
A third 2ender attribute in domestic water supply iscommunity-level decision-making
and the access to possibly new paid employment opportunities. Community decision-
making in projects includes the site selection, technolo2y choice, trainin2 and capacity
buildin2, membership rights and obli2ations, composition of the committee including
the leadership positions, paid positions of operators and mechanics, etc. This attnbute.
in which agencies themselves play the major role, has been well studied. There is
strong evidence in the water sector that women's inclusion in community-level
decision-making on domestic water supply on the same footing as men's considerably
enhances the efficiency and chances for sustainable adoption of the new facilities (cf
Van Wijk-Sijbesma 2001: UNDP/SEED 2000).
4. Ensuring Equal (Self-) Employment and Other Benefits from Water for
Productive Uses
Water is a also crucial input into income-generating activities, especially in rural
areas. Self-employment for incomes in kind and cashin rural households in the form
of gardening, cropping, livestock, fisheries, forestry, small industries, etc. critically
depend upon water and, hence, the technologies to better manage water, mitigate
periods of drought and protect against adversities like soil erosion, flooding, and
increasingly pollution. As direct water users in such self-employment, both men and
women require, in the first place, access to appropriate land and water management
technologies to improve their access to water for the divers water-related enterprises.
Second, once the physically available water resources are being committed and
competition for the scarce resources increases. water allocations to female water users
need to he as well protected, if not expanded, as waterallocations to male water users.
Attribute 4 - Direct: Women Farmers' Equal Access to Water for Productive Purposes
Attribute 5 —Direct: Women Farmers' Equal Participation in Water User Associations
Direct Gender Attributes have been extensively documented for the case of itheation.
They follow from the need of women farm decision-makers to obtain access to water,
on the same footing as men farm decision-makers, to improve the producitivy of their
water-dependent enterprises. Worldwide, numerous cases have been documented in
which women farm decision-makers were bluntly excluded in the construction of new
irrigation schemes (Hanuar and Morns 1973: De), 1980: Zwarteveen 1994: Van
Koppen 1998; Merrey and Baviskar 1998). Women farmers who, before the project,
had stronia local ri2hts to land in (he new command area or women who were well
included in local arrangements to obtain water riohts through participation in
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construction works (Prins 1996), were simply expropriated, often from one day to the
other, because of projects that were heavily biased in favor of men. This had negative
impacts on the production in the new schemes, as women withdrew labor or even
completely abandoned these sites by lack of own benefits (Jones 1986: Carney 1988).
These project failures raised awareness and sensitivity among irrigation professionals.
Various more recent irhgation projects pioneered into including both men and women
farm decision-makers from the design phase of the project onwards. They
consequently achieved better productivity and equity. These projects proved to be
more successful, in terms of canal maintenance, cost-recovery, and dynamism of
Water Users Associations and their committees (Hulsebosch and Ombarra 1995:
Arroyo and Boclens 1997: Van Koppen et al. 2001). So both for the purpose of gender
equity and sustainable productivity, women farm decision-makers should be equipped
with the same technical means to access water and be equally included in Water Users
Associations as men, both as members and leaders.
In the above, we focused on the access to irrigation technologies and institutions for
women form decision-makers. Depending upon the local situation, which highly
varies over the globe, a considerable proportion of farm decision-makers can be
women. This is the case, for example, in areas with high male out-migration like in
parts of Eastern and Southern Africa (Safiliou 1994; Van Koppen et al. 2000). but
also in Latin America and Asia; or for specific agro-ecological environments like
wetlands in West Africa (Richards 1986); or for homestead cultivation worldwide.
Such farming systems with about equal or even more than, say, a two-third majority
of women are called respectively 'dual' and 'female farming systems' (Safi liou 1988:
Van Koppcn 2002). The gender attributes discussed concern especially female or dual
farming systems.
Male farming systems are defined as farming systems in which the majority of farm
decision-makers, say more than two-third, are male. Male farming systems are found
in areas in countries like India and Nepal, although, often unexpectedly, there may
also be exceptions (Zwarteveen 1996). In areas with such male-dominated agrarian
structure, women in most farm households are merely unpaid farm laborers, whose
contributions are confined to thc laborious, unskilled tasks. Irrigation is rarely a task
for which women are primarily responsible. Core tasks like irrigation, which highly
influence the success of the enterprise and often require specific skills, monetary
investments, and contacts with outsiders, are monopolized by men as a gender. When
the income status allows, female kin is replaced by male or female wage laborers.
The minority of women farm decision-makers in such male farming systems not only
faces prejudices from the intervening agencies, as the case mentioned above, but also
from gender-biased local arrangements. As a corollary, agencies seeking more
gender-inclusiveness for this minority of women farm decision-makers have to
challenge local norms and practices. Agencies are bound to counter male resistance in
male farming systems, while in the dual and female farming systems mentioned
above, agencies' just have to go with the rather equitable local gender relations, rather
than introducing new gender exclusion (Van Koppen 2002).
,C; Walhill/ford 2002
Appendix 9.17
Attribute 6 - Integrated: Women's Equal Access to and Control over Water-dependent
Enterprises
In male farming systems, the majority of women face primarily the 'prior' gender
issue that they lack control over own economic enterprises and their outputs. The fact
that water is one input in comprehensive production systems makes water a special
resource. Once women (or any other social category) are excluded from opportunities
to manage own enterprises, it implies that it is rather meaningless to improve their
access to just one input, water. Instead, the first issue is to get access to the range of
factors needed for their own enterprise, such as access to land, other technologies,
skills, and markets, together with access to water. Access to land, the key resource in
agrarian societies, is probably the most important factor (Agarwal 1994).
The need for a broader, holistic perspective on economic opportunities rather than just
one input in an enterprise, water, is not limited to thecollective irrigation schemes and
Water Users Associations. The same principle holds true for other water-related
technologies for cropping. such as individual small-scale land and water management
technologies, like treadle pumps, hucket drip irrigation, water harvesting, soil
conservation, ctc. Moreover, the same principles hold true for other water-dependent
enterprises than cropping. Women's own access to and control over water-dependent
enterprises is an Integrated Gender and Water Attribute13.
Attribute 7- Integrated: Sharing in Water-related Employment and other Benefits
In the above, we discussed role of water in raising the productivity and profitability in
self-employment for women and men as direct water users. There are other ways in
which women and men can benefit from water. First and foremost, they can find wage
employment in water-related enterprises, in a sense, as indirect water users. Wage
employment is generated in farming. cattle rearing. fishing. forestry, mines. tourism
business, etc. Second, women and men can benefit from hydro-power, navigation, and
other functions of water in society.
The number and the types of jobs created for women compared to men in water-
dependent enterprises is an important Integrated Gender and Water Attribute. For
example. a basin in which a large proportion of water is used to create massive
employment for poor women would have a Gender and Water Index with a higher
score than a basin in which much water is used for tourism that generates benefits
only for a small international tourist company and a handful of foreign tourists, lobs
per drop for (poor) women and men' is an Integrated Gender and Water Attribute that
may influence allocation decisions regarding sectors that give most equitable
employment. However, it also refers to realms beyond water management: gender-
segregated job markets.
13 For the specific case of collective irrigation schemes. the International Water Management Institute
developed a Gender Performance Indicator for Irrigation that captures the ahove-mentioned dynamics
in further detail. It is based on nine comparative case studies in Asia and Africa. The Gender
Performance Indicator for Irrigation is a generic decision-support tcol for policy makers,
interventionists. and researchers that accommodates huee variation in the gendered organization of
farming worldwide. It gives the methodology to assess whether a farrning system is a male, dual. or
female farming system, and whether gender-based inclusion or exclusion from irrigation institutions
takes place at farm. forum. and leadership level. This allows identifying realistic and effective action
for gender-inclusive irrigation intervention or. as local reality requires. intervention for women's
broader economic empowerment (Van Koppen 2002).
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More research needs to be done on measuring 'jobs per drop as an alternative for
economic benefit calculation, expressed as just one overall figure of monetary profits
made, ignoring the distribution of water-related wealth between men and women (or
poor and non-poor, or any other categories of all citizens).
5. Equal Participation in (Unpaid and Paid) Decision
- making
A last set of Gender and Water Attributes with both direct and integrated dimensions
has received relatively ample attention: women's and men's equal participation in
decision-making bodies on water issues. Above, we already mentioned the usually
voluntary community-level drinking water committees and Water Users Associations
for irrigation. Decision-making also encompasses other government and non-
governmental organizations, both volunteers and professionals, non-profit and
commercial. With a growing call for public participation in i ntegrated water resources
management from local to basin level, new networks and institutions are being
created. Education, training, and research institutes arc other bodies involved in
decision-making. perhaps more indirectly. With increasing activities of commercial
companies in the water sector, gender staffing becomes an important issue there as
well. In all these organizations the issue of gender equitable panic ipation arises.
Attribute 8 - Direct: Women's Equal Participation in (Paid and Unpaid) Water-
related Decision-nlaking
World-wide, considerable gender gaps have been observed in the composition of
decision-making bodies in sector-based water management and integrated water
resources management, although gaps are somewhat closing (Athukorala and
Tortajada 1998; Schreiner 2001). Direct Gender and Water Attributes for equity in
decision-making could encompass characteristics such as:
the proportion of women in formal or informal institutions at the various levels of
decision-making (members, management/leadership, technical staff)
salary scales for equal work
- access to conventional and modem information channels and quality of
information provision to men and women
intensity of participation in decision-making which can range from just being
listened to, to the ultimate decision-making powers.
These attributes would also encompass policies, laws, and other actions for change,
and their enforcement, includina:
- gender machineries for planning and enforcement at highest decision-making
lc veIs
- gender-specific and affirmative recruitment policies. such as quota s ystems
capacity building and gender-awareness raising for women and men; networking
and organization, exchange visits
monitoring, evaluation, and other means for enforcement of gender-sensitive
measures
performance evaluation/rewarding of both men and women functionaries for the
degree in which they perform their jobs or functions in a gender-sensitive way.
NGOs for advocacy; movements and campaigns
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Attribute 9 —Direct and Integrated: Gender-disagsregated Data
The availability of gender-disaggregated data is a crucial condition for any gender-equitable decision-
making. It is also a performance indicator for research institutions and universities, whose primary task
is to generate high-quality data. This is valid for general and water-specific data.
Attribute 10 - Integrated: Women's Equal Education and Inclusion in Public
Governance
The following phenomena are essential conditions for equal participation in water-
related decision-making (and often society's distribution of paid and unpaid tasks as
well). They include attributes such as:
Literacy, Languages, and School Enrolment, which are important for economic
opportunity-creation, but also for leadership positions in governing bodies
Mobility, Transport, and Communication
Financial and cultural constraints negatively affect women's relative mobility and
access to means of communication (telephone, email), which is often required to
participate in decision-making
Participation in Politics, Adm i nistration, Networks, etc.
Decision-making in the water sector is embedded in international, national and
local political bodies and government administration, so women's exclusion from
these bodies is inevitably reproduced in the water sector. As a corollary, more
gender-balance in general public governance spheres can suppon and cross-
fertilize initiatives in the water sector. Especially NGOs are interesting in this
regard. Women are well organized in. for example.. NGOs in India (e.g. Self
Employed Women) or Bangladesh (Grameen Bank, BRAC, Proshika). Such
NGOs can be highly instrumental in the implementation of the attributes
discussed: minimizing and equal sharing of domestic labor for water supply;
ensuring equal employment and other benefits from productive water use: and in
equitable decision-making in water-related dec ision-makine forums
6. Conclusion
The totality of above-identified attributes for a Gender and Water Index would help
assessing how well a river basin 'performs from a Eender perspective, and where
further feasible policy and intervention is needed, in order to ensure that both genders
have equal access to water and benefit equally; bear equal costs for using water: and
participate equally in (paid and unpaid) water management and decision-making.
It is clear that direct attributes alone are insufficient to reach such broader goals. The
integrated attributes identified, for which the relation between gender and water use
and management is less visible but plausible, are also important. Yet, for a range of
attributes that are manifestations of gender relations per se and that figure high on the
world's gender agendas, it is yet to be clarified how they relate to the ecologically
sustainable management of freshwater resources. Examples of such gender attributes
are reproductive rights issues and fertility and women's and men's health and life
expectancy (besides those health aspects related to drinking water, hygiene, and
sanitation): dependency ratios for women and men providers, male-female ratios,
gendered infanticide, violence against women. women's higher vulnerability for
EIIV/AIDS, etc. Intuitively, one would expect that such gender characieristics are also
important underlying conditions for river basins to obtain a score 5. However. such
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relationships have not been explored as yet (except for health impacts of drinking
water and hygiene, as at least partially addressed in the Water Poverty Index).
In sum, therefore. if 'gender' is taken as starting point of index development, it not
only corroborates the importance of attributes addressed in the empirical research of
the Water Poverty Index in South Africa, Tanzania, and Sri Lanka. There is added
value in at least three respects. First, this approach underlines the need to address a
wider range of direct attributes, including those regarding productive water usc and
participation in decision-making in general. That implies fostering:
- Minimum costs for safe domestic water
- Shared costs for safe domestic water
Women's participation in community decision-making
Women fanners' access to water for productive purposes at farni level
Women farmers' participation in Water User Associations
Women's participation in water-related decision-making
Gender-disaggregated data
Second, it highlights where a narrow focus on water alone would be misleading and
where an integrated approach is needed if water policy makers want to be effective
and realistic. This implies fostering:
Women's Access to and Control over Water-dependent Enterprises
Sharing in Water-related Employment and other Benefits
Women's education and inclusion in public governance
Last but not least, starting with gender stimulates further analysis of the complex
relationships between water and gender. even if a gender-equitable river basin, or
society in general, remains utopia for thc near future.
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Water and Poverty -an Econometric Approach
Ian Walker" Anna Maria Giacomello') Caroline Sullivan and Ian Walker'°
1.1Introduction
In our work on the development and testing of the Water Poverty Index, vve felt that it
v‘as worthwhile to try to investigate the relationship between water and poverty using
the more formal approaches of economic analysis. based on econometrics techniques.
Econometrics can possibly help us to identify variables, which are most significant
whcn determining the links between water and poverty. This could make the
refinement of any survey questions for example, more carefully targeted towards the
very specific bits of details, which may he having the greatest effect. More
importantly, an econometric methodology allows us to quantify the size of the
relationship between the consequences of water poverty and the factors that cause it.
To date we have only been able to make a preliminary investigation of this work, and
we have made a start by looking at the WPI data from the point of view of how
specific variables may influence specific outcomes.
The findings we have achieved so far are tentatively presented here, with the clear
statement that this is very much work in progress and which needs to be taken much
further before results can be taken to be definitive. For this reason, we present this
material here in note format, in order to ensure that the reader bears in mind the
exploratory nature of this pan of the work.
Due to the nature of the problem, there are a number of alternative approaches that
could be used to produce an index of how "water-poor- households are.
Motivation
We care about "water poverty- because low volume/quality and/or high price of water
arc associated with diseases and other bad outcomes for households. Some of these
outcomes have externalities associated with them - such as the spread of disease.
Moreover water supplies may be subject to high fixed costs and low marginal costs.
Finally, water supplies may be difficult to establish property rights over.
For all of these reasons water may have, at least in part. the characteristics of a public
good and hence we might expect water supplies to be "under-provided- by the
workings of the market mechanism Thus, there arc good reasons to believe that the
efficient provision of water requires some form of government intervention.
14 Department of Economics. University of Warwick
15 Centre for Ecology & Hydrology. Wallingford
16 Centre for Ecology & Hydrology. Wallingford
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Data
The aim is to relate measures of water quantity. quality, availability and reliability to
household outcomes —disease etc and to relevant household characteristics (such as
number of adults and children)
2.1 Desirable properties of a WPI
This WP index should be "aggregable" so we can move from a household index to to
assess the degree to which an "area" is water poor. The index should tell us what to do
to improve WP. Thus, if X1 or X2 are the factors that determine our measure of WP
then we would like to know whether it would he hest to 1mprove Xi or X2? Should
we improve WP in some areas and not others? The index should tell us when to stop
improving it. That is, at what point does it cease to hesensible to stop reducing WP?
Methodology
The methodology is to quantify the outcome(s). Y, and relate it (them) to water
measures and household characteristics, X. Then define the household specific degree
of water poverty (WP) as, say, some "distance" measure (how poor), or an "indicator"
measure (poor or not) of Y relative to some chosen (and maybe. arbitrary) benchmark
for the outcome(s),
.
A simple example of this approach
Suppose there is some outcome measure Y and some observable X's. We estimate
Y„ = X „Th e„ where eh captures the unobservable determinants of Y for household h.
Save the estimated fl's.
Then define Vas the "threshold" level for Y so we can then define the set of
combinations of X, and X, that yield a level of V = Y
. Thence the "poor- are those
_
households that are predicted to have a Y„ > Y
We can extend this idea so that the "depth of poverty" of a water poor households is
the extent to which Xh (the factors that determine the outcome Y) needs to be reduced
to achieve .
A 2 - X, 1 - Y example
Suppose there are two factors that affects one outcome and we have estimated the
relationship between them as
9 = 10+ 5X, + 2X2
Suppose we fix a poverty threshold as the level of outcome =100. Then Yh> 100 if
X,„ > 18 - 0.4 X 24 . That is the diagonal line in the figure below defines the
C2Ill Wallingford 2002
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combinations of the X determinants that would just put a household in water poverty.
Thus, household A is "poor" and its depth of poverty is OA/OB.
XI
0 X2
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3. Applying an ordered-probit model to the analysis of
household welfare-water relationships.
3.1 Analysis of the impact of Water Supply on Household Welfare
This section explores how water supply impacts on factors that are associated with
household welfare or well-being. In particular, since we are concerned with policy
towards water supply, we look at how the distance from the household to the water
supply used (in both wet and dry seasons), the nature of ownership of the water
supply used, and the quality of water supply used affect the incidence of diarrhoea and
the time spent collecting water by the household.
Diarrhoea is an important problem 67% of households report "many" incidences16.
Table 1. Investigating what factors influence diarrhoea
How many thnes
had diarrhoea?
Many times
Occasionally
Never
Total
Code
3
9
1
Frequency
1016
350
140
1506
Percent
67.46
23.94
9.30
100
Cumulative
67.46
90.70
100.0
The relationship between this and the distance to water supply is important for
planning the development of water availability. Below we estirnate the relationship
between the "probabilities of never/occasional/many diarrhoea" occurring using an
"ordered probit" model.
MODEL 1 - Investigating the importance of distance from
water source
This model is deliberately parsimonious to illustrate thc ideas. The data used in the
estimation are: the dependent variable is Diarrhoea data (3 = many times: 2 =
occasionally: I = never) while the explanatory variables are Distance from source in
the Dry season, Distance from source in the Wet season, Number of children in the
household, and Number of adults in the household The ordered probit estimates are:
Number of observations 1076
LR chi2(4) 25.36
Prob > chi2 0.0000
Log likelihood
-779.70738
16 It must be noted here that there are many difficulties in collecting health data, and the responses
elicited by the questions used in the survey may be only a rough representation of the actual situation.
but the object of using this data was to contribute to the process of testing the WPI methodologies on a
level playinu field (ie the WPI dataset). The reliability of this model should be verified using other
more comprehensive datasets such as those provided by the WHOMNICEF Joint Monitoring
Programme. This could be incorpmated into any work on the 2s Phase of the \VPI.
e (2E11 Wallinghnd 2002
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Pseudo R2
Diarrhoea Coef.
0.0160
SW Err.


(95ci Conf. Interval]
Distance dry 0043576 .0012881 3.38 0.001 .0018329




0068822
Distance wet -.003921 .0014206 -2 76 0.006 - 0067052




- 0011367
Children 0370508 .0166288 2.23 0 026 .00-1459




0696-126
Adults 037013 .0170144 2.18 0 030 0036653




0703606
_Curl 878732 .0789132





(Ancillary parameters)
sut2 1.811466 .0929859


It seems that diarrhoea incidence is increasing with distance in the dry season
(positive (coefficient of 0.0044) and statistically significant effect (its t value exceeds
2)) and negatively correlated to distance to water supply in the wet season (again
statistically significant). This model controls for the number of adults and children -
naturally we find that more people in the household is associated with more diarrhoea.
MODEL 2 - Refining the model for site specificity
The simple model above is very parsimonious. We might expect that people who live
in the same village to be more similar than people in different villages - for example
they experience the same weather. The results below add "village fixed effects" to
control for any local effects that might be common to all households within each
village. There are significant differences across villages - but the effects of distance
remain significant.
Data used in the iterations are:
Diarrhoea data (3 = many times: 2 = occasionally: 1= never)
Distance from source in thc Dry season
Distance from source in the Wet season
Number of children in the household
Number of adults in the household
Dummy variables for each village:
villaac_12: it is 1 for KwaLatha and 0 for all the others villages;
village_13: it is 1 for Wembezi (informal) and 0 for all the others villages;
village_14: it is 1 for Wembezi (formal) and 0 for all the others villages:
village_21: it is 1 for Nkoaranga and 0 for all the others villages:
village_22: it is 1 for Samaria and 0 for all the others villages;
village_23: it is 1 for Kijenge and 0 for all the others villages;
villa2e_31: it is 1 for Agarauda and 0 for all the others villaues; .
villa2e_32: it is 1 for Avarakotuwa and 0 for all the others villages:
'Tr)C'Ell Wallingford 2002
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village_33: it is 1 for Tharawaththa and 0 for all the others vil Wes: and
village_34: it is 1 for Tissawa and 0 for all theothers villages.
Thc four Sri Lanka villages have been dropped due wcollinearity. The ordered probit
estimates are:
Number of observations 1076
LR chi2(I1) 193.10
Prob > clii2 0.0000
Log likelihood -695.84057
Pseudo R2 0.1218
Diarrhoea Coe( Std. Err.


z 195% Conf. Interval]
Distance dry .0049327 0014186 3.48 0 001 0021523




00771 31
Distance wet - 0043009 .0014699


0 003 - 0071819




-U014199
Children 0072095 .0 175926 0.41 0 682 - 0272714




04 16904
Adults 0184343 0 18989S 0 97 0 331 018785




0556535
1village12 .1179608 .1 5 24627 0.77 0139 1808006




4167821
Ivillage_13 -1.251955 .1679063 -7.46 0 000 -1 581045




.9223644


-1.219918 :1863104 -6.55 0.000 -1 585079




-.8547562
Ivillage_21 -.4576756 .1681073 -2.72 0.006 -.7871599




-.1281913
Ivillage_22 -.8175853 .2093206 .3.91 0 000 -1.227846




-.1073145
Ivillage23 0530689 .1 5 9247 0.33 0 739 -.2590196




.3651874
Ivillage_24 - 9685858 189375 -5.11 0 000 -1.339754




-.5974176
_cut 1 1968619 .1 5 77331





(Ancillary pammeters)
_cut2 1.265174 .1630923



As in the previous model distance to water supply in the dry season is positively
correlated with diarrhoea incidence and it is statistically significant; also distance to
water supply in thc wer season is still statistically siunificant and the correlation with
diarrhoea is negative. In addition to the previous model a dummy variable was
included to represent the specific characteristics of each village. As it possible to
observe (in the table above) most of the dummy variables used to represent villages
arc statistically sienificant; this indicates that there arc local factors that miizht he
Wallinriord 2002
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common to all households within each village that are different across the villages and
that can help to explain the diarrhoea incidence.
4. Econometric Complications
Use actual or predicted Y?
Depends on how you interpret ch. These crrors may indicate random measurement
error (which should be set to zero to compute poverty) or may be permanent
unobservable factors (which should be included in computing poverty). Ideally panel
data would allow us to discriminate between the two.
Functional form
Y may not be linear in the X variables One might use non-parametric methods to
explore this.
Causality
Some of the X's may be correlated with the e's. So correlation between I' and one (or
more) of the X's may be spurious. That is, when you change the X you will find that Y
does NOT change (in the way suggested by the estimated equation). This is an
important issue and motivates some experimental design to evaluating the effects of
water supplies on the outcome.
Y may be discrete rather than continuous
For example Y = 0,1 (corresponding to, say, bad or OK). In which case we could
define a "latent" variable Y* such that
Y =11 if r>0
0 otherwise
Or Y may be constrained (to be non-neeative, say)
—e.g.
Y=
ir if 11'>0
0 otherwise
Y may be a "count" (say, 0,1,2,3,4 .) or "ordered" (say, poor, OK, good) or unordered
(red, blue, green)
In these cases appropriate estimation techniques have to be used.
CFAI Wallingford 2002
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5. Theoretical Complications
The conditions under which one might aggregate across housholds with a single 1/are
limited. A number of measures do satisfy the aggregation conditions. For example
II "headcount"
—This is the proportion with - Y > Y !his measure is bounded but has the undesirable
feature that it assumes shallow poverty is equally as bad as dcep.poverty. Moreover.
it ignores those just above the poverty line
P "Poverty gap"
min(O. —Y )//i
This relates to average depth of poverty . The measure is
unbounded. It ignores those above poverty line and produces an
index that "weights" deep poverty more than shallow poverty.
A wide variety of other measures could he used.
Cost benefit analysis with single Y
It would be useful to he able to define objective function in money terms so we can
address questions such as
- What is a unit reduction in Y worth?
- Value of life (i.e. risk of death)?
- Based on Marginal Benefit (MB)
Need to calculate marginal costs of reducing Y in each area
Bear in mind that cost of reducing X/ may be different than cost of reducing X,. Carry
on reducing X's until they equate all Marginal Costs (MCs) of all X's in all areas with
MB.
Multiple Y's
The objective function might be efined in terms of multiple indicators. We need to
"weigh( these together. Weights chosen by "social planner". Sensitivity testing
should then be carried out.
Constrained budgets
Need to equalise MC's —to each other but not to MB
© CD! Walhnpfnal 2002
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Summary
This summary gives the reader an idea of what has been considered here. It is
premature to represent any conclusions. Our preliminary work has demonstrated that
an econometric approach has the benefits that it can indicate which factors are
significant in determining water povery. To date however we have not had the
opportunity to take this work further, and we would suggest that this be included in
the next phase of the project.
CEil \Val I i ng lord 2002
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Further Documentation
. 11.1: Please see separate document:
Evaluating Your Water; A Management Primer for the Water Poverty Index
11.2: Please see separate document:
Water Poverty Index Implementation; An Introduction
11.3: Please see separate document:
Developing a Water Poverty Index, Poster
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